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mis repor t  presents.&ta and results obtained from e r r o r  ana lys i s  runs of 

the  Mission Plan 11, four th  apogee (M = 4) Gemini rendezvous mission. 

these data and run r e s u l t s  ind ica tes  t h a t  t h e  following maneuver sequence w i l l  be 

required f o r  t he  mission: 

Analysis of  

Height Adjustment (NH) M = 1.5 
Catch-up Rate Adjustment (NCI) M = 2.0 

Plane Change (NPC) M a 2 . 5  

Co-ell iptic Maneuver (NSR) M = 3.0 

A f u e l  allowance of 380 feet/sec.  should be provided i n  t h e  Spacecraft f o r  midcourse 

mpneuvers. This a l l w a n c e  includes 240 feet/sec.  f o r  t he  NPC maneuver. The des i red  

values of in-plane phase angle, height difference,  and out-of-plane angle a f t e r  t h e  

IJSR maneuver should be obtained within 0.1 degrees, 1.5 n. mi., and 0.015 degrees, 

respectively.  

ing t h e  NSR maneuver, Good tracking information i s  ava i lab le  f o r  determination of 

each in-plane maneuver, i f  voice command s t a t i o n s  a r e  used t o  command t h e  N C I  and 

NSR maneuvers. 
ing in fomat ion  p r i o r  t o  the  N C I  maneuver and w i l l  be performed without updated 

t racking  information a f t e r  the  N C I  maneuver. 

does not appear that t h i s  w i l l  be a serious'problem. 

The vehic les '  aps i s  l i n e s  should be aligned t o  within 4 degrees follow- 

AllpLne changes, however, w i l l  be determined on t h e  b a s i s  of t rack-  0 
On t h e  b a s i s  of the  study results it  

This document contains information affecting the national defense of the United States within the moonins of the Espionage laws, Title 
18. U.S.C., Section 793 and 794. the transmission or revelatian of which in any manner l a  an unauthorixed p r s a n  is prohibited by law. 
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INTRODUCTION 

This report  presents  data and r e s u l t s  obtained f rom ana lys i s  of t he  TRJ\I/STL 

Gemini Closed-Loop Systems Simulation e r r o r  analysis runs f o r  t h e  Mission P l a n  11, 
fourth apogee (If.= 4) rendezvous mission. This study w a s  conducted under contract  

NAS 9-2938 i n  accordance with Study 2 of t h e  Gemini &ror  Analyses Task Assignment 

(Reference 1). 

be performed f o r  M = 6, 8, 10, 12, 16, 24 and 30 rendezvous missions. 

e r r o r  analysis study had been done previously and t h e  r e s u l t s  presented in 

Reference 2. 

include Agena in j ec t ion  e r r o r s  i n  the study and u t i l i z e  a 15 n. mi. height 

difference between t h e  Spacecraft and Agena following t h e  N S R  maneuver. A 

20 n. mi. height difference value was used i n  the  study of Reference 2. 

I n  t h e  o r i g i n a l  Task Assignment, e r r o r  analyses s tud ie s  were t o  

The M = 4 

The M =  4 mission was added t o  t h i s  study when it  was  decided t o  

The purpose of the  Study 2 mission e r r o r  analysis s tud ie s  is t o  determine 

the  e f f ec t s  of vehicle  i n j ec t ion  errors,  maneuver execution e r rors ,  and t rack-  

ing and command network operations on the  mission maneuver sequence, ve loc i ty  

requirements, .and vehicle  r e l a t i v e  pos i t ion  and ve loc i ty  following t h e  NSR 

maneuver a t  t h e  14 - 1 Spacecraft apogee. 

pos i t ion  and ve loc i ty  data a f t e r  t h e  11% maneuver are then used by McDonnell 

Ai rcraf t  (MAC) and t h e  Mission Planning and Analysis Division (MF'AD) of t h e  

Manned Spacecraft Center (MSC) f o r  ana lys i s  o f  t he  Gemini terminal rendezvous 

guidance system f o r  t he  spec i f i c  mission being studied. 

The Spacecraft and Agena r e l a t i v e  
a 

The r e s u l t s  and data presented i n  this repor t  were obtained from ana lys i s  

of a nominal and f i f t e e n  noise runs f o r  t he  M =  4 rendezvous mission. 

nominal run w a s  made with no e r r o r  sources simulated, but  t h e  ve loc i ty  incre-  

ment required f o r  an  o r b i t a l  maneuver was rounded off t o  the  neares t  foot/sec 

and t h e  time t o  i n i t i a t e  t he  maneuver t o  the  nearest  second. The noise  runs, 
however, included in j ec t ion  e r rors ,  o r b i t  determination e r rors ,  and maneuver 

execution e r r o r s  f o r  both the  Spacecraft and the  Agena. 

modifications (Reference 3 )  t o  t h e  Gemini Simulation Orbit Control Logic 

(OCL) were included i n  the  runs, s o  t h a t  a l l  maneuvers, including t h e  NSR 

maneuver, a r e  r e a l i s t i c a l l y  simulated. 

The 

A l l  o f  t he  latest  

This document contains information affecting the national defonse of the United States within the meaning of the E r i  
18. U.S.C., Section 793 and 794, the transmission or revelation of which in any manner to an unauthorized perron 
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Section 1.0 presents  a b r i e f  descr ipt ion of the  Simulation used f o r  t h i s  

study. 
i n i t i a t e  a simulation run, discussion of the maneuvers t h a t  can be commanded 

by the OCL during a mission simulation run, and a br ie f  discussion of Simulation 

output a r e  included i n  t h i s  Section. 

IIow the Agena and Spacecraft "run nominal" o r b i t s  a r e  selected t o  

sect ion 2.0 presents t h e  r e s u l t s  obtained from analys is  of the  1 6  computer 

IIaneuver sequences, tracking and command problems, midcourse ve loc i ty  runs. 

requirements and similar subjects  a re  discussed i n  t h i s  Section, together  with 

t h e  presentat ion of a s e t  of conclusions and recommendations regarding t h e  

mission. 

Section 3.0 contains the  Tables of Data which have been extracted from 

the simulation runs. These t a b l e s  present a concise compilation of per t inent  

mission information contained i n  the extensive print-outs of t h e  simulation 

runs. 

Section 4.0 presents  the compiled s t a t i s t i c a l  output format (SOPFMT) f o r  

the 1 5  Closed-Loop runs. These data include the  Agena-Spacecraft r e l a t i v e  

pos i t ion  and velocity data after t h e  NSR maneuver, which a r e  required f o r  the  

terminal rendezvous guidance simulations conducted by 14cDonnell and MSC/MPAD . 
Similar repor t s  w i l l  be presented f o r  the M = 6, 8, 10, 12, 16, 24, and 

30 rendezvous mission s tudies  when they a r e  completed. 

This document conloins information offecting the notional defense of the United Stotes within the meonina of the Espionage Lows, Title 
18, U S.C., Section 793 and 794. the transmission or revelation of which i n  any manner to on unauthorized person is prohibited by low. 

~ 
~ ~~ 

~~~ ~ ~~~~ 
~~ ~~ 



1.0 DISCUSSION OF SIMULATION 

This Section presents a b r i e f  discussion and descr ip t ion  of t h e  Gemini Closed- 
The . Loop Syst,ems Simulation which was  used t o  obtain the results presented herein. 

Simulation used i s  bas ica l ly  the  same as  described i n  ReferenccE 2, 4 and 5, but includes 

t h e  modificat,ions noted i n  Reference 3. These modifications, which are primarily 

Orbit Control Logic (OCL) changes, provide the capabi l i ty  t o  include d i f f e r e n t i a l  

nodal regression i n  plane change (NPC) maneuvers, perform catch-up r a t e  adjustment 

maneuvers ( N C 1  and NCH maneuvers) an t ic ipa t ing  a fu ture  height adjustment maneuver, 

and p e r f o m  the desired NSR maneuver (makinp vehicle o r b i t s  c o - e l l i p t i c a l )  a t  the  

M-1 Spacecraft apopee. Therefore, the conditions a f t e r  the NSR maneuver obtained 

from these runs should provide a r e a l i s t i c  s e t  of i n i t i a l  conditions f o r  the  

McDonnell and MSC terminal rendezvous guidance s tudies  f o r  t h i s  mission. 

1.1 R u n  I n i t i a l i z a t i o n  Procedure 

The Agena and Spacecraft in jec t ion  data 'used f o r  the M =  4 mission simulation 

were obtained from MSC (Reference 6).  
i n i t i a l  o r b i t s  of the two vehicles  and these o r b i t s  remain unchanged except f o r  
vehicle maneuvers and per turbat ions due t o  drag and ear th  oblateness. For the  

noise runs, however, the  e f f e c t  of vehicle i n j e c t i o n  e r r o r s  a r e  considered and 

d i f fe ren t  "run nominal" i n i t i a l  orbits a r e  obtained f o r  t h e  two vehic les  f o r  each 

of the 15 noise runs. 

For the nominal run, these data define the  

The Agena !'run nominal" o r b i t  i s  obtained by in tegra t ing  t h e  nominal specif ied 

i n j e c t i o n  conditions t o  11.0 seconds a f t e r  the  specif ied time of in jec t ion .  

AFena i n j e c t i o n  covariance matrix i s  then used t o  obtain a s e t  of pos i t ion  and 

ve loc i ty  i n j e c t i o n  errors .  

plus  11.0 seconds with the r e s u l t a n t  Agena o r b i t  being the  "run nominal" o r b i t .  

T h i s  o rb i t  i s  then integrated throughout t h e  mission and provides the  t r u e  

pos i t ion  and veloci ty  data  f o r  comparison with the o r b i t  f i t  pos i t ion  and v e l o c i t y  

data.  

, e r r o r s  a r e  added a t  380 seconds af tpr  Spacecraft l i f t o f f .  

The 

These e r r o r s  a r e  added t o  t h e  nominal values at  t i n j  

The same procedure is followed wi th  the Spacecraft, except t h e  i n j e c t i o n  

1.2 Determination and Performance of Required Maneuvers 

In the  Gemini Simulation, the OCL Decision Sequencer (DS) schedules required 

maneuvers and the Guidance Decision and C o m n d  Computations (GD & CC)  determine 

whether o r  not a scheduled maneuver should be performed. For Closed-Loop runs, 
the OCL maneuver decisions a r e  based on vehicle state vec tors  obtained from t h e  

o r b i t  determination performed for  each vehicle  and t h e  l o g i c  constants spec i f ied  

. 

0 
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i n  the OCL. In t h i s  manner the OCL makes maneuver decis ions on the  b a s i s  of 

w h a t  i t  th inks  the  vehicle  o r b i t s  are, and not on t h e  vehicles '  t r u e  o r b i t s .  

- h e n  a maneuver i s  required, a powered f l i g h t  i t e r a t i o n  i s  performed t o  

derive command values of time t o  i n i t i a t e  t h e  burn, velocity-to-be-gained, and 

vehicle a t t i t u d e s  and a t t i t u d e  ratcsat i n i t i a t i o n  of the burn. This i t e r a t i o n  

i s  performed usinf: the  o r b i t  f i t  posit ion and ve loc i ty  da ta  with no vehicle 

maneuver execution e r rors .  The ac tua l  maneuver f o r  t h e  mission simulation 

run i s  then executed using t h e  t r u e  posit,ion and ve loc i ty  of the vehicle with 

execution e r r o r s  added t o  the derived command parameters specifying t h e  

maneuver. Ekecution e r r o r s  a r e  a l s o  added t o  the vehicle  weight, th rus t ,  and 

weirht flow r a t e  f o r  each maneuver. 

performed, the  vehicle o r b i t s  are i n t e p a t e d  t o  the M Spacecraft apogee number 

and the simulation is ended. 

'&en a l l  required maneuvers have been 

1.3 Allowable Maneuvers 

For t h e  M = IC rendezvous mission, the OCL constants have been selected 

so t h a t  only 10 of the  possible 21 maneuvers ava i lab le  t o  t h e  OCL can be 

performed. 

and each maneuver performed d u r i y  a simulation run i s  i d e n t i f i e d  by an OP-No. 

i n  the  run print-out .  

OP-8, 9, 10, 11, 12, 13, l l+ ,  16,  1 7  and 21. 
data  t a b l e s  of Section 3.0 extensively t o  i d e n t i f y  the  maneuver sequences f o r  

each run, AV required f o r  each maneuver f o r  a run, and o ther  per t inent  mission 

information. The cor re la t ion  between OP-No. and type of maneuver i s  presented 

below. 

is used where applicable.  

These maneuvers a r e  defined within t h e  CXL by &eration Kmbers 

The maneuvers allowed f o r  the M =  4 mission study a r e  

a 
These numbers a r e  used i n  the 

The MSC/MPAD nomenclature for  ident i f y i n p  types of Gemini maneuvers 

a 

- 0  OP-No 

8 

9 
10 

11 

12 

13 

Function 

Raise Spacecraft apogee t o  
acceptable value 

MSC/MF'AD Designation 

Agena plane change NPC 
Cat ch-up ra te  adjustment 

A g e n a  o rb i t  correction, 

Agena orb i t  correction, 

( r a i s e  perigee) 

peripee too low 

apogee too hiph 

N C 1  

Spacecraft plane chawe NPC 

Thia document contains information offecting the national defense of the United Stotes within the meaning of the Espionage laws,  Titlo 
18, U.S.C., Section 793 and 794. the transmiasion or revelation of which in any manner to  on unauthorized person i s  prohibited by law. 
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1L 

1 6  

17 

21 

Spacecraft apogee rad ius  
adjustment (height mat chi% 
maneuver) 

( r a i s e  perigee) 

( r a i s e  perigee ) 

Cat ch-up rate  adjustment 

Catch-up rate  adjustment 

Make o r b i t s  c o - e l l i p t i c  

NH 

N C 1  

NC1 
NSR 

In the plane change maneuvers, OP-9 o r  OP-13, d i f f e r e n t i a l  nodal regression 

e f f e c t s  a r e  included. For t h e  catch-up r a t e  adjustment maneuvers, OP-10, 

OP-16 o r  OP-17, the catch-up r a t e  i s  a l t e r e d  t o  obtain a specif ied phase 

anyle at  the M-1 Spacecraft apogee. 

be performed, gross vehicle o r b i t  e r rors  would be required e i t h e r  due t o  

i n j e c t i o n  e r r o r s  o r  o r b i t  determination e r rors .  

In order f o r  OP-8, OP-11, or OP-12 t o  

For most of t,he maneuver sequences f o r  the M = 4 mission, the  Operations 

performed w i l l  be selected from OP-10, OP-13, OP-14, OP-16 and OP-21. 

1.4 Simulation O U t P U t  

The output f o r  a s ingle  simulation run cons is t s  of hundreds of pages of p r i n t  

of vehicle parameters defining t h e  mission sequence of events  in d e t a i l .  

primary concern f o r  t h i s  study a r e  the e f f e c t s  of vehicle i n j e c t i o n  e r r o r s ,  t rack-  

ing  and o r b i t  determination e r rors ,  and maneuver execution e r r o r s  on the  mission 

maneuver sequence and conditions at the  M-1 Spacecraft apogee a f t e r  t h e  NSR 

maneuver has been completed, since these conditions w i l l  be used i n  terminal 

rendezvous guidance s tudies  t o  be performed by McDonnell and MSC/MF'AD. 

da ta  considered t o  be per t inent  t o  t h i s  type of analysis has been extracted from 

the print-outs of the  simulation runs and compiled i n  the  da ta  t a b l e s  presented 

i n  Section 3.0. i n  addition, the  complete SGTFXT output is presented i n  S c t i o n  &.O. 

O f  

Therefore, 

This document contains information affecting the nationol defense of the United States within the meaning of the Espionage Laws, Title 
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2.0 ANALYSIS RESULTS 

This Section presents 'the r e s u l t s  obtained from an  ana lys i s  of t h e  nominal 

and 15 noisy mission simulation runs obtained f o r  the M = 4 rendezvous mission. 

Four primary mission a reas  were considered i n  the  analysis:  

(1) 
(2) 

( 3 )  
( 4 )  

l i s s ior i  maneuver sequence and e f f e c t s  of i n j e c t i o n  e r r o r s  .on the  sequence; 

NSR maneuver conditions at t h i r d  Spacecraft apogee; 

Maneuver ve loc i ty  requirements and execution e r rors ;  

Tracking and command network c a p a b i l i t i e s  and constraints .  

A br ie f  review of the  nominal mission plan, Reference 7 ,  i s  presented p r i o r  t o  

presentation of the analysis resul ts .  Conclusions and recommendations regarding 

t h e  M = 4 mission a r e  presented a f t e r  the analysis r e s u l t s .  

2.1 Nominal Mission Plan f o r  M = 4 

The nominal mission plan f o r  the K = 4 rendezvous mission i s  presented i n  

d e t a i l  i n  Reference 7 . 
o r b i t  a t  an  i n c l i n a t i o n  of 28.87 degrees. Approximately 95 minutes l a t e r ,  the 

Spac9craft i s  launched i n t o  an 87-146 n. m i .  e l l i p t i c  o r b i t  with t h e  i n j e c t i o n  

phase angle being 16.57 degrees and the  catch-up r a t e  6.64 degrees per  Spacecraft 

o rb i t .  

node i s  located such t h a t  the d i f f e r e n t i a l  nodal regression w i l l  make the  o r b i t  

plancsco-planar a t  rendezvous. 

Briefly,  the Agena i s  launched i n t o  a 161 n. m i .  c i r c u l a r  

a 
The i n c l i n a t i o n  of the  Spacecraft o r b i t  i s  28.87 degrees and t h e  ascending 

The nominal midcourse maneuver sequence is: 

(1) A Spacecraft period adjustment ( N C I )  a t  the second Spacecraft apogee 

reducing the  catch-up ra te  t o  obtain a 1.9 degree phase angle a t  t h i r d  

Spacecraft apogee . 
A Spacecraft co-e l l ip t ic  maneuver (NSR) at t h i r d  Spacecraft apogee 

al igning the  vehicle  aps is  l i n e s  with Spacecraft apogee and perigee 

respect ively 15 n.mi. below the  Agena apogee and perigee. 

(2) 

' 

Final  rendezvous i s  then accomplished approximately one o r b i t  l a t e r  ( M  = 4) 
using the  on-board terminal rendezvous guidance system. 

Provision i s  made i n  the nominal midcourse maneuver sequence f o r  p e r f o d n g  

a height adjustment maneuver (NH) a t  the  perigee following first Spacecraft 

apogee (M = 1.5) and a plane change maneuver (NPC) a t  the  node c loser  t o  the  

Spacecraft perigee a f t e r  second Spacecraft apogee, i f  these maneuvers a r e  required. 

This dacummnt contains informotion affecting tho national dwfwnam of the Unitmd Statws within the mmoning of the Eapionage Lawa, Titlm 
18. U.S.C., Saction 793 and 794. thm transmission or rwvmlotian of which in any mannmr to a n  unaulhorizmd person is prohibited by law. 
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2.1.1 Implementation of M = 4 Naneuver Seauence i n  t h e  Gemin i  Simulation 

The capabi l i ty  of performing the above described M = 4 nominal mission 

maneuver sequence and any possible combinations o f  non-nominal maneuver sequences 

w a s  implemented in the Gemini Simulation by proper se lec t ion  of t h e  OCL constants. 

These constants yere selected such t h a t  an NCI maneuver (OP-10, 16, o r  17) w a s  
always performed a t  N = 2 and the NSR maneuver (OP-21) always performed a t  I4 = 3. 
The following constants were used t o  control scheduling of t h e  I\IH maneuver (OP-14)  

and the i P C  maneuver (OP-13 o r  0P-9). 

(1) If t h e  height difference between Spacecraft apogee and t h e  Agena rad ius  

over t,he Spacecraft apogee (AH) w a s  not within 3,000 f e e t  of t h e  nominal 
15 n.mi. difference a t  the time of first Spacecraft apogee, a n  IM maneuver 

was performed a t  14 = 1.5. 

If the  out-of-plane angle a t  rendezvous (bt) w a s  l e s s  than 0.05 degrees, 

no NPC maneuver was performed. 

was used f o r  the MPC maneuver at thc specif ied time. 

the  Agena was used f o r  the JPC maneuver. 

An IJH maneuver could also be performed a t  14 = 2.5 i f  no NPC maneuver w a s  

required and i f  AH w a s  not within 6,000 f e e t  o f  the nominal 15 n. mi. 

difference a t  1,: = 2. 

simulation runs. 

( 2 )  
For 0.05 < bt 0.55 degrees, the Spacecraft 

For bt > 0.55 degrees, 

( 3 )  

This maneuver w a s  not obtained i n  any of the 

It should be remembered t h a t  the Gemini Simulation runs do not include any terminal 

rendezvous maneuvers and the  simulation run i s  terminated one Spacecraft mean period 

following the 3% maneuver. 

2.2 Ili.ssion Maneuver Seauence 

The primary parameters which determined t h e  maneuver sequences f o r  t h e  nominal 

and 15 noise mission simulation runs of t h i s  study were t h e  Agena and Spacecraft 

i n j e c t i o n  e r r o r s  and the OCL constants control l ing t h e  IJN and NPC maneuvers. One 

other major f a c t o r  w a s  a l s o  key i n  determining the maneuver sequence; the  nominal 

Spacecraft in jec t ion  conditions used i n  each of the  15 noise runs were the same 

( p r i o r  t o  addi t ion of the in jec t ion  e r rors ) .  

condiLions wcre not re-targeted t o  the a c t u a l  .4gma o r b i t  for each run and the 

f u l l  r f f e c t s  of the Agena in jec t ion  e r r o r s  were propagated t o  the midcourse 

maneuvers. 

and NPC maneuver requirements i n  par t icu lar  would have been reduced. 

. 

Thus, the Spacecraft i n j e c t i o n  

If the  Spacecraft in jec t ion  conditions had been re-targeted, the TJH 

This document confoini informotion affecting the notionol defense of the United Slafes wifhin the meaning of the Espionoge Lows, Title 
18, U.S.C., Seclion 793 ond 794. the fronsmirrion or revelotion of which in any manner to on unauthorized perron i s  prohibited by low. 
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2.2.1 Vehicle Inject ion Zrrors 

Tables 9.0 and 10.0 o f  Section 3.0 present the  Agena and Spacecraft nominal 

and noisy i n j e c t i o n  conditions used i n  the simulation runs f o r  t h i s  study. 

11.0 of Section 3.0 presents a number of r e l a t i v e  o r b i t a l  parameters a f t e r  noise  

has been added t o  the Spacecraft in jec t ion  conditions. 

minimum, and nominal values of AH, bt, phase angle (eR) and catch-up r a t e  ( e  R ) 
obtained from the simulation runs a f t e r  i n j e c t i o n  e r r o r s  had been added t o  the  

Spacecraft. 

allowable mission time and desired values of these parameters at  t h e  NSR maneuver 

time, the maneuvers which w i l l  be required during t h e  mission. 

Table 

Table 1.0 l is ts  the d u m ,  

These parameters a r e  presented since they define,  together  with the  

TABLE 1.0 Range of Selected Relative Parameters a t  Spacecraft In jec t ion  . 
AH ( f t )  bt (deg) eR (deg) (deg/ S/C o r b i t )  

Minimum 28,921 0.030 16.225 5.653 
Nominal 91,145 0.017 16.56 6.629 

Maximum 13 5 , 201 0.558 16.82 7.110 

2.2.2 fsiission Seauence Summam 

The maneuver sequences used f o r  t h e  nominal and 15 noise  runs a r e  presented 

i n  Section 3.0, Table 12.0 . 
t h e  same maneuver sequence i s  presented below i n  Table 2.0. 

A summary of the  number of simulation runs using 

TABLE 2.0 Swnmary of Mission I%neuver Sequences 

No. of Runs Using 
Sequence 

2 
1 
1 

Nominal 

14 
14 
-- 

Maneuver Sequence 

M = 2.0 M =  2.5 M = 3.0 
(NCI) (NP c 1 (NS) 
10 13 21 
10 13 21  

21  16 -- 
10 9 21 

2 1  16 -- 

This document contains information affecting the national defense of the United States within the meanina of the Espionage lawa, Title 
18, U.S.C., Section 793 and 794. the transmission or revelation of which in any manner to a n  unauthorized perron is prohibited by law. 
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As can be seen from Table 2.0, 13 of t h e  noise runs required a Spacecraft apogee 

height adjustment maneuver ,(NH) a t  M = 1.5. 
the  b a s i s  of Spacecraft ve loc i ty  in jec t ion  e r r o r s  alone (aeference 

3,000 ft. allowable AH e r r o r  used i n  the  simulation. 

maneuver by t h e  Spacecraft (MPC) i s  a l so  t o  be expected due t o  the 0.05 degree 

tolerance l i m i t  and expected Spacecraft out-of-plane pos i t ion  and azimuth e r r o r s  

a t  in jec t ion .  
but not total ly  unexpected when consideration is  given t o  Agena azimuth i n j e c t i o n  

e r r o r s  (Reference 

This maneuver i s  t o  be expected on 

8 ) and the  

Similarly, a plane change 

The run requiring an Agena plane change w a s  somewhat surpr is ing,  

9 ) and no re-targeting of the Spacecraft i n j e c t i o n  conditions. 

2.3 NSR Maneuver Conditions 

The primary objective of a l l  midcourse maneuvers, including t h e  NSR maneuver, 

i s  t o  obtain t h e  following desired conditions a t  completion of the  NSR maneuver: 

(1) 
(2) 

Phase angle of 1.9 degrees; 

Coincident vehicle  a p s i s  l i n e s  with the  Spacecraft apogee and perigee 

15 n. m i .  below the Agena apogee and perigee a l t i t u d e s ;  

The Spacecraft o r b i t  plane regressing i n t o  t h e  Agena o r b i t  plane such 

t h a t  t h e  wedge angle is zero at  four th  Spacecraft apogee. 
(3) 

Table 16.0 of Section 3.0 presents values of t h e  above parameters, except 

out-of-plane angle, f o r  t h e  nominal and 15  noise  runs. 

angle a f t e r  the NSR maneuver a r e  l i s t e d  i n  t h e  SOPFMT, Section 4.0. Table 3.0 
below l is ts  t h e  maximum, minimum, and nominal values obtained from the simulation 

runs f o r  t h e  following parameters: 

The values  of out-of-plane 

- Spacecraft p i t c h  angle used f o r  t h e  NSR maneuver referenced from 

l o c a l  horizontal  at  burn i n i t i a t i o n ,  downward i s  pos i t ive  (degrees) 

Phase angle following NSR (degrees) 

Catch-up r a t e  per Spacecraft o r b i t  following NSR maneuver (degrees 

per Spacecraft o r b i t )  

eP 

eR 

eR 

- 
- 

- Height difference between Agena apogee a l t i t u d e  and Spacecraft 

apogee altitude (n. mi.) 
&a 

Ah - Height difference between Age= perigee a l t i t u d e  and Spacecraft per igee 

a l t i t u d e  (n. m i . )  
- Angle between t h e  Spacecraft and Agena apsis l ines  (degrees) 

P 

a hu 

I 

This documant contains informotion offecting the notional defense of the United States within the meaning of the Espionoge Lows, Title 
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TABL2 3.C Orbital  Parameters After NSR Maneuver . 
eR a Ah *P 

AW 

~ t i ~ ~ i m ~ m  -33.8 1.81 2.10 14.0 14.2 0.98 

IJominal 4.3 1.89 2.31 15.5 15.5 3.88 
1"iaXimum 55.9 1.90 2.49 16.7 16.7 8.30 

The lnaxirmun values of fia, ilk 

from t h e  run which required t h e  Agena plane change. 

obtained while performing t h e  plane change a l t e r e d  t h e  Agena period and radius  

a, &p> over Spacecraft apogee s u f f i c i e n t l y t o  cause t h e  r e s u l t i n g  values of Ah 

and QR. 
and M = 3, a f t e r  the  l as t  catch-up r a t e  adjustment and a f t e r  any height adjust-  

ment maneuver. 

cannot be corrected p r i o r  t o  t h e  NSR maneuver. 

performed the W C  maneuver, the  maximum values of Ah and Ah were 15.8 and 15.9 
n. mi.  respectively,  and t h e  minimum phase angle 1.822 degrees. 

and the  minimum value of 9 were a l l  obtained P' R 
The in-plane ve loc i ty  e r r o r  

It should be remembered t h a t  the  plane change i s  performed between ~ i =  2 

Therefore, any in-plane e r r o r s  obtained from the I P C  maneuver 

For t h e  runs where the  Spacecraft 

a P 

Tne p i t c h  angle used f o r  the iiSR maneuver w i l l  be primarily dependent on 

t h e  change i n  Spacecraft f l i g h t  path angle required t o  make t h e  o r b i t s  c o - e l l i p t i c .  

The required change i n  f l i g h t  path angle i s  dependent on the  e l l i p t i c i t y  of the  

Agena o r b i t  and of the Spacecraft o r b i t  p r i o r - t o  the NSR maneuver. From Table 

3.0 it can be seen t h a t  a la rge  range of p i tch  angles w a s  obtained from the 1 5  
runs, the  range being from 55.9 degrees p i tch  down t o  33.8 degrees p i t c h  up. 

The average required p i t c h  angle was  22.0 degrees d~wn. 

a 

The accuracy t o  which the vehicles '  l i n e  of apsides can be al igned has 
been found t o  be a functior? of the required p i t c h  an& magnitude. 

b e t t e r  apsides alignment i s  obtained with l a r g e r  required p i t c h  angles, with 

t h e  alignment capabi l i ty  decreasing f o r  required p i t c h  angles l e s s  than 5.0 

degrees. 

p i tch  angle of 2.55 degrees, which included a 4.6 degree p i t c h  angle error .  

A l l  o ther  noise runs required p i t c h  angles of 2 10 degrees o r  more, and the 

r e s u l t i n g  values of Aw were a l l  l e s s  than 4 degrees. 

In general, 

The maximum value of Aw presented i n  Table 3.0 was  obtained using a 

2.3.1 SOPFMT Results 

The S t a t i s t i c a l  Output Format (SOPFIJIT) program r e s u l t s  presented i n  Section a 4.0 include de ta i led  vehicle  r e l a t i v e  co-ordinate information immediately after 

Thil document contains information affecting the notionol defense of the United Stater within the meaning OF the Espionage lows,  Title 
18. U.S.C., Section 793 ond 794. the transmission or revelation of which in any manner to on unauthorized person i s  prohibited by law. 
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the NSR maneuver. 

i n  a Dif fe ren t ia l  Cylindrical Co-ordinate System, a f t e r  t h e  NSR maneuver and 

thc  sample standard deviation are  presented below: 

The mean up, downrange, and crossrange distances,  computed 

UP - 92,156 f e e t  (3082 f t )  

Down - 715,060 f e e t  (9,908 f t )  

Cross - 1,042 f e e t  (2,178 f t )  

These values indicate  t h a t  f o r  the 14 = 4 rendezvous mission, the  desired 1 5  n. mi. 

height difference should be obtained within 2 1.5 n. mi. and t h e  out-of-plane 

dis tance should not exceed approximately 1 n. m i .  a f t e r  the  NSR maneuver. A 

var ia t ion  of up t o  5 n. m i .  i n  re la t ive  downrange posi t ion is  t o  be expected. 

2.4 Maneuver Velocity Reauirements and Ekecution Errors 

2.4.1 Velocity Reauirements 

The mission midcourse maneuver veloci ty  requirements a r e  pr imari ly  dependent 

Thus, on the r e l a t i v e  vehicle posi t ioi ia  obttained at i n j e c t i o n  o f  the  Spacecraft, 

Age- and Spacecraft i n j e c t i o n  e r rors  w i l l  have a strong e f f e c t  on maneuver 

veloci ty  requirements, especially since the Spacecraft i n j e c t i o n  conditions were 

not  re-targeted t o  the perturbed hgena orb i t .  

as noted previously, w i l l  be i n  the veIocity required f o r  I\IH and lJPC maneuvers, 

The combined veloci ty  requirements f o r  the  X I  and NSR maneuvers w i l l  not be 

ser iously affected by i n j e c t i o n  e r rors ,  with addi t iona l  ve loc i ty  requirements 

being dependent on the amount of r a d i a l  veloci ty  required i n  the NSR maneuver 

t o  ro ta te  the  Spacecraft l i n e  of apsides. 

The primary e f f e c t  of these e r rors ,  

Table 15-0 of Section 3.0 presents the values of ve loc i ty  increments used 

f o r  each maneuver f o r  the nominal and 1 5  noise runs, 
maximum, minimum, and nominai values of  ve loc i ty  increments required f o r  each 

of  the possible midcourse maneuvers i n  the M =  4 niss ion  sequence. The t o t a l  
ve loc i ty  requirements a re  based on individual  ruli A-sUlts and a r e  not the  sums 

o f  the maximum and minimum values. 

Table 4.0 presents  the  

This document contains informotion affecting the national defense of the United Stoles within the mean ng of the Espionage Laws Title 
18, U.S.C , Section 793 ond 794. the transmission or revelation of which in any monner to on unauthorized person i s  prohibited b; law. 
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TABLE 4.0 Summary of ,Nidcourse Maneuver Velocity Requirements 

Maneuver Ekximum Nominal 

I 

IN 
N C I  

NPC 

11% 

TOTAL 

-- 17 . 81 

73.05 49.0 
--- 188.92 

(248.55 Agena) 
93.95 56.0 

311.84 105 .O 

should be noted t h a t  t h e  maximum AH Lneuver  AV r-quirem 

Minimum 

1.84 
11.31 
27.32 

42.89 
108.04 

n t  and t h e  minimum 

For t h i s  run, t h e  Spacecraft N C I  maneuver AV requirement occurred on the  same run. 

apogee was high, thus  causing a low catch-up ra te .  

delayed unt i l  M = 2.5, t h e  Spacecraft could not have caught up t o  t h e  1.9 degree 

apogee phase angle a t  M =  3.0. This run poin ts  out t h e  necess i ty  f o r  performing 

t h e  NH maneuver as soon as possible a f t e r  Spacecraft in jec t ion ,  e s p e c i a l l y  f o r  

short  durat ion missims. 

If t h e  NH maneuver had been 

The l a r g e  range i n  N P C  maneuver AV requirements i s  pr imari ly  due t o  Agena 

azimuth i n j e c t i o n  dispers ions and n o t  re-targeting t h e  Spacecraft i n j e c t i o n  

conditions. 

Spacecraft i n j e c t i o n  ve loc i ty  dispersions and Agena i n j e c t i o n  dispersions.  

The NH maneuver AV requirements a r e  due t o  a combination of 

2.4.2 Maneuver Ekecution Times 

Table 5.0 presents  t h e  var ia t ion  i n  maneuver execution times obtained from 

the  15 noise runs. 

Table 19.0 af  Section 3.0, together with the a t t i t u d e  angle and r a t e  e r r o r s  used 

f o r  each maneuver. 

The exact maneuver times f o r  each run a r e  presented i n  

TABLE 5.0 Maneuver Execution Times 

Maneuver Ifin. Time (sec) Max. Time (sec) A t  (sec) 

Pad 
NC I 
NPC 

11622 . 9 11831.3 208.4 
14260.3 14480 l 7 220 . 4 
15865.0 V724 8 1859.8 

NSR 19533 00 

Time is referenced from Agena l i f t o f f ,  

19848.2 315.2 

This document contoins information affecting the notional defense of the United Stoles within the mooning of the Espionage Lowr, Title 
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Since the NH and NCI maneuvers a r e  performed a t  Spacecraft a p s i s  points,  

and a r e  the f i rs t  maneuvers'performed, t h e i r  execution time w i l l  be s t rongly 
dependent on t h e  i n j e c t i o n  t r u e  anomaly of t h e  Spacecraft. 

time run the  t r u e  anomaly a t  in jec t ion  w a s  8.99 degrees and f o r  the 

t i m e  run it w a s  354.50 degrees. 

through t h i s  range of t r u e  anomalies i s  217 seconds, approximately t h e  time 
difference noted f o r  the NH and N C I  maneuvers i n  Table 5.0. 

For the minimum 

The time required by t h e  Spacecraft t o  move 

Although t h e  NSR maneuver i s  a l so  performed a t  an a p s i s  point,  t h e  time 

difference w i l l  not only include the i n j e c t i o n  t r u e  anomaly e f f e c t s  but a l s o  

the differences i n  magnitudes of the NH, N C I ,  and T P C  maneuvers. The primary 

e f fec t ,  however, i s  s t i l l  t h e  in jec t ion  t r u e  anomaly difference.  

The NPC maneuver times show the grea tes t  v a r i a t i o n  in execution time, as 
i s  t o  be expected. 

on knowledge of t h e  Agena's o r b i t  or ientat ion t o  t h e  equator and Spacecraft 

azimuth i n j e c t i o n  e r rors ,  re-targeting t h e  Spacecraft t o  t h e  a c t u a l  Agena 

o r b i t  sho-dd reduce t h i s  t h i e  spread. Fur most w f  t h e  simulation runs the  

NPC maneuver was performed between M = 2.25 and 14 = 2.50, w i t h  t h e  extremes 

being near hI = 2.25 and M =  2.75. 

2.4.3 Maneuver Ekecution Ekrors 

Since the  r e l a t i v e  node loca t ion  i s  s t rongly dependent 

The maneuver execution e r r o r s  obtained f r o m t h e  15 noise runs did  not 

appreciably e f f e c t  the conditions obtained a f t e r  t h e  NSR maneuver, except 

f o r  t h e  run requiring an Agena plane change. 

value w a s  exceeded by almost 1 n. mi.  more than f o r  t h e  Spacecraft only 

maneuver cases. 

shor t  durat ion mission, since the e r r o r s  a r e  small  and a r e  not  propagated f o r  

an  appreciable length of time. 

the  in-plane maneuvers w a s  0.7 feet/sec., including t h e  round-off. 

For t h i s  case t h e  desired AH 

The Spacecraft execution e r r o r s  w i l l  not se r ious ly  e f f e c t  a 

The l a r g e s t  ve loc i ty  e r r o r  obtained f o r  any of 

The &m 
in-plane AV e r r o r  t o  be expected from a Spacecraft plane change i s  approximately 

1.8 feet/sec., based on a plane change maneuver of 240 feet/sec.  and a yaw angle 

e r r o r  of 0.415 degrees. The AV e r r o r s  f o r  the  maneuvers of each noise run can 

be obtained from T a b l e s l L O  and 15.0 

angle and r a t e  e r r o r s  f o r  each maneuver of each noise run a r e  presented i n  
Table 19.0 of the  same Section. 

of Section 3.0, while t h e  vehicle  a t t i t u d e  

This document contains information affecting the national defense of the United Stater within the meaning OF the Espionage Laws Title 
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2.5 Trackinn and Command Network Analysis 

I n  t h e  Gemini Closed-Loop Systems Simulation, the complete Gemini Tracking 

and C o m n d  Network (Reference 10 ) i s  simulated, exclusive of ship locat lons.  

The o r b i t  determination model ujed i n  the  Simulation i s  the TRW/STL General 
Tracking Program. 

t racking stationsmand performs an  orb i t  determination f o r  each vehicle. 

vehic les '  o r b i t  f i t  i s  performed pr ior  t o  each Spacecraft apogee, and p r i o r  

t o  each maneuver that i s  not executed at  apogee. 

a r e  then  used as t h e  b a s i s  f o r  OCL decisions as t o  what maneuvers a r e  required 

and f o r  a l l  maneuver computations. 

This program accepts noisy radar  measurement data from t h e  

The 

These vehicle  state v e c t o r s  

For t h e  Study 2 e r r o r  analysis mission simulation runs, it was  assumed 

t h a t  all radar  measurements taken up t o  5 minutes before a maneuver could 

be used i n  t h e  o r b i t  f i t  t o  determine the  vehic les '  s t a t e  vectors  f o r  use 

i n  maneuver computations. 

es tabl ished that a much l a r g e r  t ime  i n t e r v a l  than 5 minutes should be allowed 

Since these runs have been made, it has been 

f o r  o r b i t  determination, maneuver decisions, and command 

t r a n s m i t t a l  p r i o r  t o  a maneuver (Reference 11 l e  Table 

t h e  requirements specif ied f o r  determination of vehicle 

llaneuver Preparation Time ( t  ) - Time i n t e r v a l  

maneuver command t o  i n i t i a t i o n  of maneuver. 

Command Transmission Time - Time required by a 
transmit t h e  required maneuver commands t o  t h e  

P 

(tc> 

generation and 

6.0 p_peseT?ts the 

mane uver s : 

from vehicle receiving 

command s t a t i o n  t o  

maneuvering vehicle  

RTCC Computation Time - Time required by the RTCC t o  receive t racking  

information, perform an orbi t  determination, determine t h e  required 

maneuver commands, encode the commands, t ransni t  t h e  commands t o  
the  command s i t e ,  and ver i fy  t h a t  t h e  proper commands were received 

bj; the c ~ m i n d  si te  (t \ 
RTCC' 

The numbers presented i n  Table 6.0 imply t h a t  any tracking information 

received l e s s  than approximately 30 minutes p r i o r  t o  a desired maneuver time 

cannot be used f o r  determination of t h a t  maneuver. 

taken i n  i n t e r p r e t i n g  the o r b i t  determination e r r o r s  presented i n  Tables 17.0 
and 18.0 of Section 3.0. 
o r b i t  determination f o r  each vehicle a t  each OCL maneuver decis ion time, which 

was 5 minutes p r i o r  t o  the  scheduled maneuver. 

Therefore, care  must be 

These t a b l e s  present t h e  e r r o r s  obtained from t h e  

This document contoins information offecting the notional defense of the United Stotes within the meoning of the Espionage lows, Title 
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k160 -60 67 -RCOOO 
Page 1 5  

TABLE 6.0 Maneuver Determination, Transmission, and Preparat ion Time Requirements 

_ _  

Function 

t 
P 

t C  

(Agena requi res  
two Command Statim 
of 5 min. each) 

%TCC 

~~ _ _  

' o t a l  Maneuver 
' reparat  i on  Time 

Space c r a f t  

DCS 

5 min. 

4 min. 

(00 t o  oo E) 

25 min. 

34 min. 

Voice 

5 min. 

3 m i n .  

(0' t o  0' E) 

20 m i n .  

28 min. 

- ~ 

Agena 

5 min. 

10 min. 

(0' t o  Oo E) 

25 min. 

The e r r o r s  noted a t  t h e  OCL decis ion t imes for t he  NH maneuver, NCI 
maneuver, and NSR maneuver will be representa t ive  of t hee r ro r s  t o  be expected 

from t h e  o r b i t  f i t  with t h e  30-minute preparat ion time requirement. 

5 minutes p r i o r  t o  t h e  maneuver w i l l  then be dependent on t h e  accuracy of t h e  

ephemeris pred ic t ion  program used t o  generate t h e  veh ic l e s '  o r b i t s  t o  t h a t  

The e r r o r s  

point ,  but these e r r o r s  should not increase  g rea t ly  over the  o r b i t  determination 

e r rors .  
NPC maneuver, however, are probably opt imis t ic  f o r  most of t he  runs. 

t h e  plane change maneuver usual ly  occurs wi th in  l e s s  than ha l f  an o r b i t  a f t e r  

t h e  NCI maneuver, t h e  3 0 4 n u t e  preparation time requirement s e v e d y  limits 
t h e  m,m.~t cf t racking data which can be used f o r  determination of t h i s  

maneuver. 

12, and 14 at t h e  NPC maneuver decis ion time a r e  more representa t ive  of t h e  

magnitude of e r r o r s  t o  be expected with the  30-minute t i m e  requirement. 

w i th  these  e r rors ,  however, the  maneuver was performed without compromising 

t h e  capabi l i ty  t o  s a t i s f a c t o r i l y  meet t h e  des i red  NSR conditions. 

The o r b i t  determination e r r o r s  noted a t  t h e  OCL decis ion t h e  f o r  t he  

Since 

The e r r o r s  noted in Table 17.0 f o r  t h e  Spacecraft on runs 1, 4, 9, 

Even 

Table '7.0 presents  a summary of the  M = 4 mission t racking  and commnd- 

considerat ions considering t h e  maneuver preparat ion times l i s t e d  i n  Table 6.0. 

This document containr information offecting the notional defense of the United Stater within the meoning of the Erpionoge Laws, Title 
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For each maneuver, Table 7.0 presents the  following information: 

(1) Tspe of maneuver; 

(2) Orbit number of maneuver; 

( 3 )  Geographic loca t ion  of maneuver; 

( 4 )  

a 

Commsnd s t a t ion  required f o r  t ransmit t ing command t o  maneuvering 

vehicle; 

Most recent t racking s t a t ion  from which information could be used 

i n  determining the  specified maneuver, according t o  the  ground ru l e s  

i n  Table 6.0; 
Time i n t e r v a l  between receiving the most recent t racking data  and 

the  maneuver execution; 

Intervening maneuvers between the  specif ied maneuver determination 

time and the specif ied maneuver execution. 

(5) 

(6) 

(7) 

From Table 7.0 it can be seen t h a t  with the present Tracking and Command Network 

(exclusive of ships) , and the  maneuver preparation t i m e  requirements of Table 6.0, 
the Spacecraft NPC maneuver must be determined p r io r  t o  the  N C I  maneuver with 
no information avai lable  f o r  updating the  maneuver requirements a f t e r  the  N C I  

maneuver. 

NPC maneuver. 

computations w i l l  be from the  previous Agena'orbit, and the  Spacecraft w i l l  

have performed both a NH maneuver and a N C I  maneuver subsequent t o  the  Agena 

NPC computations. This condition a r i s e s  pr imari ly  due t o  the requirement f o r  

two command s t a t ions  p r i o r  t o  an Agena maneuver. 

found t o  be suf f ic ien t ,  the  6,000 sec. time i n t e r v a l  w i l l  be reduced t o  3,517 
sec., and only the N C I  maneuver would intervene between the  Agena NPC maneuver 

ca lcu la t ions  and the maneuver execution. 

The s i tua t ion  i s  worse when the  Agena is required t o  perform the 

The most recent tracking data used i n  the  Agena maneuver 

a 

If one command s t a t i o n  i s  

The possibility also exists that  fer a S a z e e r a f t  plane change maneuver, 

. t racking from Carmrvon following the N C I  maneuver could be used t o  update t h e  

NPC maneuver i f  a voice command ship could be s ta t ioned near Hawaii .  However, 
t h i s  p o s s i b i l i t y  requires  a more de ta i led  study of the  expected maneuver 

determination accuracy using s ingle  s t a t i o n  pass tracking data compared with 

the  maneuver accuracy determined pr ior  t o  the N C I  maneuver, assuming a nominal 

N C I  maneuver, before a de f in i t e  requirement f o r  a ship a t  t h i s  loca t ion  can be 

e st a b l i  she d . a 

This document contains infarmotion affecting the notional defense of the United States within the mmoning of the Espionoae Laws, Title 
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The data of Table 7.0 a l s o  point out t h e  advantage of using voice commands 

f o r  the N C I  and N S R  maneuvers. 

f o r  these maneuvers, then no capabi l i ty  e x i s t s  t o  update t h e  maneuver require- 

ments a f t e r  the  intervening maneuvers have been performed. 

capabi l i ty  could wel l  a f f e c t  t he  performance of  the  N S R  maneuver, with a r e s u l t a n t  

degradation i n  obtaining t h e  desired i n i t i a l  conditions f o r  the  terminal  rendezvous 

maneuvers. 

If the  voice command s t a t i o n s  a r e  not ava i lab le ,  

Lack o f  t h i s  updating 

2.5.1 Class i f ica t ion  o f  Tracking Accurace 

Table 8.0 presents  a s e t  of t racking accuracy c l a s s i f i c a t i o n s  and assoc ia ted  

o r b i t  plane t racking e r r o r s  which can be used t o  evaluate t h e  o r b i t  determination 

e r r o r s  presented i n  Tables 17.0 and 18.0 of Section 3.0. . U s i n g  t h e  da ta  from 

these  t ab le s ,  t h e  following evaluation of the  t racking  information ava i lab le  f o r  

determination of t he  I4 = 4 mission maneuvers can be made: 

231 - excel lent ;  

NCI - excel lent ;  

IJPC 

NSiY - excellent.  

- good ( w i t n  a good ephemeris pred ic t ion  program); 

Lxcellent < 250 < 1000 < 250 < 2 < 0.2 < 0.2 

Good < 2500 <ioooo < 2500 < 20 < 2  < 2  

F a i r  < 5000 <20000 < 5000 < 40 < 4  < 4  
Poor > 5000 >20000 > 5000 > 40 > 4  > 4  

'The u coordinate a x i s  i s  upward along t h e  l o c a l  v e r t i c a l .  

The v coordinate a x i s  i s  forward i n  the  downrange d i rec t ion .  

The w coordinate a x i s  i s  t o  t h e  l e f t  i n  t h e  crossrange d i rec t ion .  

The l a rge  values f o r  Au a r e  the  r e s u l t  of a high cor re la t ion  (due t o  t h e  geometry 

of the  coordinate system) between the  u and v components. 

e r r o r  i s  apprcxiTllately the  root  rn square of Av and Aw. 

2.6 Conclusions 

. 
. 

The i n e r t i a l  ve loc i ty  . . 

Analysis of t h e  14 = 4 e r r o r  ana lys i s  simulation runs r e s u l t s  has l e d  t o  t h e  

following conclusions regarding the  14 = 4 Gemini rendezvous mission; 

This document contains information offecting the nationol defense of the United Stater within the meaning of the Espionage lows, Title 
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The expected maneuver sequence, whether o r  no t  t,.e Spacecraft i s  
re-targeted t o  Agena in jec t ion  conditions, is: 

NH M = 1 . 5 .  
N C I  M = 2.0 

NPC I4 2.5 
NSE I$: = 3.0 

The tota! Spacecraft midcourse veloci ty  requirements i n  excess of t h e  

nominal mission veloci ty  requirements w i l l  be primarily determined by 

t h e  magnitude of t h e  NPC maneuver and the  r a d i a l  ve loc i ty  component 

required f o r  t h e  NSR maneuver. 

from the Spacecraft w i l l  be grea te r  than 105 feet/sec. bu t  l e s s  than 

380 feet/sec. 

Spacecraft maneuver execution requirements should not inf luence t o t a l  

mission midcourse ve loc i ty  requirensents o r  adversely e f f e c t  t h e  

capabi l i ty  t o  obtain t h e  desired r e l a t i v e  conditions a f t e r  t h e  NSR 

maneuver. 

The p i t c h  angle required f o r  t h e  NSR maneuver can have a wide 

v a r i a t i o n  i n  magnitude, with e i t h e r  pos i t ive  or negative p i t c h  

required depending on t h e  Agena and Spacecraft o r b i t a l  parameters 

a t  the  maneuver time. 

Following t h e  NSR maneuver, the Agena and Spacecraft l i n e s  of apsides  

should be aligned t o  within 4 degrees, except when t h e  Spacecraft 

p i t c h  angle f o r  t h e  NSR maneuver i s  l e s s  than 5.0 degrees. 

cases the  apsides should be aligned t o  within 10 degrees. 

The height difference between Spacecraft and Agena apogee and 

perigee should be within 1.5 n. mi. of the  desired 15 n. mi. 

difference following the  NSR maneuver, i f  no Agena plane change i s  

required. 

difference e r r o r  should be l e s s  than 3 n. m i .  
The Phase angle following the NSR maneuver should be wi th in  O e l  

degrees of the desired l e 9  degree value. 

The out-of-plane angle following t h e  NSR maneuver should be l e s s  than 

0.015 degrees when an N P C  maneuver i s  performed. 
All in-plane ..aneuvers should be performed within 6 minutes of t h e  

expected nominal maneuver execution time. 

times are pr imari ly  due t o  i n j e c t i o n  dispers ions i n  Spacecraft t rue  

The t o t a l  midcourse v e l o c i t y  required 

For these  

When an Agena NPC maneuver i s  required, the  height  

Changes i n  in-plane maneuver 

anomaly. 
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(10) A l l  in-plane maneuvers by t h e  Spacecraft can be based on good t rack ing  

informatioi! a f t e r  a prim maneuver 

i n  Table 7.0 a r e  available.  

A l l  plane change maneuvers, e i t h e r  by t h e  Spacecraft o r  by the  Agena, 
w i l l  be determined on t h e  b a s i s  of t racking information p r i o r  t o  t h e  

N C I  maneuver and w i l l  be performed without updated t racking information 

a f t e r  t h e  NCI maneuver. On the  b a s i s  of t h e  simulation r e s u l t s  it does 

not appear t h a t  t h i s  w i l l  be a ser ious problem. 

i f  the  voice command s t a t i o n s  noted 

(11) 

2.7 Recommendations 

The following recomendations a r e  made regarding t h e  bI = 4 rendezvous mission 

on the b a s i s  of the e r r o r  analysis  study r e s u l t s .  

The nominal mission sequence of events should be based on t h e  following 

maneuver sequence: 
NH 14 = 1.5  
N C I  M = 2.0 

IJPC N 5. 2.5 

NSR M = 3.0 

A f u e l  allowance of 380 feet/sec.  should be provided f o r  Spacecraft 

midcourse maneuvers. This allowance includes 240 feet/sec.  f o r  t h e  

NPC maneuver. 

If the  Spacecraft in jec t ion  conditions a r e  not re-targeted t o  t h e  a c t u a l  
Agena o r b i t  p r i o r  t o  Spacecraft launch, the  mission maneuver sequence 

should include the p o s s i b i l i t y  of performing t h e  € P C  maneuver with t h e  

Agena. 
The voice corrmland s t a t i o n s  noted i n  Table 7.0 should be used t o  

command the N C I  and IJSR maneuvers. 
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3.0 DATA TABLES 

This Section contains eleven data  t a b l e s  presenting w h a t  i s  considered t o  

be a concise compilation of per t inent  n i s s i o n  data  from the  16 simulation runs, 

Since each simulation run contains over 10,000 l i n e s  of p r i n t  def ining each s t e p  

of the mission i n  d e t a i l ,  presentation of the  complete print-out f o r  a l l  runs i s  

i m p r a c t i c a l  
of each run a r e  avai lable  both a t  STL and a t  t h e  Rendezvous Analysis Branch, 

Mission 'Planninp and Analysis Division of MSC. 

slould more information about t h e  mission be desired,  pr int-outs  

3.1 Agena and Spacecraft In jec t ion  Data 

Table 9.0 presents the nominal Agena and Spacecraft i n j e c t i o n  data  specif ied 

6 ), f o r  the M = 4 mission by MSC (Reference 

vehicle o r b i t s  f o r  the nominal run, and 'a l so  t,he i n i t i a l  o r b i t s  t o  which i n j e c t i o n  

e r r o r s  a r e  added t o  obtain the "run nominal" o r b i t s  f o r  t h e  noise runs. The 

followiq- nomenclature i s  used i n  the  table:  

These data  def ine the in i t ia l  

- Time of Spacecraft l i f t o f f  measured from Agena l i f t o f f  (sec). tL 
X,Y, z - Components of vehicle pos i t ion  i n  an ear th  centered, r i F h t  

handed, i n e r t i a l  coordinate system (ECI). 
oriented a t  t = 0 (Agena l i f t o f f )  with t h e  x-z plane through 

zero longitude (Greenwich), and the x-y plane containinp t h e  

equator. The z-axis passes throufh the North Pole ( f e e t ) .  

The s y s t e m  i s  

k,f, i - Components of vehicle  ve1ocit.y i n  the ECI coordinate system 

(feet/sec) . 
$1 - Vehicle weicht a t  i n j e c t i o n  ( lbs ) .  

3.2 Agena Orbit Parameters at t4-: + 11.0 Seconds 
~~ ~ 

Table 10.0 presents the Agena o r b i t a l  parameters af ter  i n j e c t i o n  e r r o r s  have 

been added t o  t h e  nominal parameter values a t  11 seconds a f t e r  Agena in jec t ion .  

The manner i n  which i n j e c t i o n  e r r o r s  a r e  considered f o r  t h e  Agena is discussed 

i n  Reference 9 . These values def ine the "run nominal" Agena o r b i t  f o r  each 

of the 1 5  noise runs. The following parameters a r e  presented i n  Table 10.0: 

This document conloins information offecfing the notional defense of the United Stoles within the meaning of the Espionage Laws, Title 
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R - Radius ( f e e t )  

d - Geocentric l a t i t u d e  (deg) 
h - Longitude-Measured posi t ive Fast from Greenwich (deg) 

- I n e r t i a l  ve loc i ty  (feet/sec) 

- Azimuth of i n e r t i a l  veloci ty  vector-measured pos i t ive  Qst 

of North (deg) 
*I 

B - Flight  path awle-measured pos i t ive  down from t h e  l o c a l  

v e r t i c a l  (deg) - 
T - Osculating value of period (min) 

e - Osculating value of e c c e n t r i c i t y  

i - Osculating value of i n c l i n a t i o n  (deg) 

3.3 Spacecraft Orbit Parameters a t  380 Seconds After  Li f tof f  

Table ll.0 presents t h e  Spacecraft o r b i t a l  parameters a f t e r  i n j e c t i o n  e r r o r s  

have been added t o  the  nominal parameter values a t  380 seconds a f t e r  Spacecraft 

l i f t o f f .  

i n  Table 10.0 f o r  the Agena. 

The same parameters a r e  presented i n  Table lL0  f o r  the  Spacecraft as 

3.4 Relative and Mean Parameters a t  380 Seconds After  Spacecraft L i f t o f f  

Table 12.0 presents vehicle  r e l a t i v e  and mean parameters a f t e r  i n j e c t i o n  

e r r o r s  have been added t o  the  Spacecraft o r b i t a l  parameters. The values  i n  

Table, 124) define the phase angle, height difference,  and out-of-plane angle 

relatLonships a t  i n i t i a t i o n  of the mission, topether  with o ther  se lec ted  

parameters. 

i n  t h i s  tab le  i s  the value obtained from in tegra t ion  of the  vehicles '  o r b i t s  

t o  t h e  Spacecraft apogee posit ion,  and not the  a n a l y t i c a l l y  computed value a t  
the  indicated time. 

It should be noted that the value of h e i r h t  difference presented 

The followinl, parameters a r e  presented i n  Table 12.0. 

- Present value of in-plane phase angle-easured pos i t ive  from 

the  Spacecraft t o  the Agena (deg) 

Value of in-plane phase angle a t  next Spacecraft apogee (deg) - 

- Present value of in-plane catch-up r a t e  (deg/ S/C o r b i t )  

a eR 

eR 

. 
- 
6 - Present value of mean o u t - o f - p l a ~ a ~ l e  (a l so  ca l led  wedge 

angle, r e l a t i v e  inc l ina t ion)  (deg) 

Value of mean out-of-plane angle a t  rendezvous - includes 

e f f e c t s  of d i f f e r e n t i a l  nodal regression (deg) 

- - 
6t 
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I. AH 

- 
TA 

TS 
- 

Difference between 

and- t h e  Spacecraft 

Central angle from 

Agena with respect 

Mean period of the 

Mean period of t,he 

3.5 Mission Maneuver Seauences 

Table 13.0 presents the  maneuver 

Agena radius  over t h e  Spacecraft apogee 

apofee radius  - height difference ( fee t )  

tthe Spacecraft t o  the ascendine node of t h e  

t o  the  orbi t  plane of the  Spacecraft (deg) 

Agena (set) 

Spacecraft (sec) 

sequences used f o r  each of the mission 

simulation runs. 
the OCL Operation Number defininf t h e  type of maneuver and the  o r b i t  number 

( i n  parentheses) during which the maneuver w a s  performed. The cor re la t ion  

between Operation Number and type of maneuver i s  t h a t  spec i f ied  i n  Section 1.0. 

The maneuver sequence f o r  each run i s  defined by specifyin€ 

3.6 Commanded Velocity Increments 

Table GO presents  the  exact required ve loc i ty  increments f o r  each maneuver 

of t h e  mission sequence f o r  the 1 6  simulat,ion runs. 
from the powered f l i g h t  i t e r a t i o n s  performed f o r  each maneuver. The v e l o c i t y  

increment which i s  used as the commanded-AV f o r  the a c t u a l  performance of the 

maneuver i n  the  mission s i m u l a t i o n  i s  the  value from Table14.0 rounded t o  the 

nearest  foot/second. 

which the astronaut  can read h i s  veloci ty  meter. 

a f t e r  each value of AV defines  t h e  Operation Number f o r  the  p a r t i c u l a r  AV value. 

The values of AV a r e  presented i n  Table 14.0 i n  the same maneuver sequence used i n  

Table 13.0. 

These values  a r e  obtained 

This round-off i s  done to simulate the g r a n u l a r i t y  t o  

The number i n  parentheses 

The following nomenclature i s  used: 

Commanded iiv' - Exact veloci ty  increment required f o r  the  maneuver. 

from powered f l i r h t  i t e r a t i o n  u s i p  noisy pos i t ion  and v e l o c i t y  

data  with no maneuver execution e r r o r s  ( feet /sec) .  

Obtained 

AV 
TMC 

- Total exact ve loc i ty  required f o r  all Spacecraft mid-course 

maneuvers. This value does not include t h e  AV used f o r  

Spacecraft separation from the Gemini Launch Vehicle o r  

terminal rendezvous maneuver requirements ( feet /sec) .  
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? .7 Velocity Increments Used f o r  Maneuver Seauences 

Table 15.0 presents t h e  a c t u a l  veloci ty  increments used f o r  each maneuver of 

t,he mission sequence f o r  the 16 simulation runs. 

the rounded-off commanded values due t o  t h e  maneuver execution e r rors .  The number 

i n  parentheses a f t e r  each value of AV def ines  the h e r a t i o n  Number f o r  the p a r t i c u l a r  

AV value. 

as used i n  Tables130 andl4.0. 

These values  w i l l  d i f f e r  from 

The v d u e s  of AV a r e  presented i n  Table 15.0 i n  the same maneuver sequence 

The following nomenclature i s  used: 

AV Used - Actual velocit,y increment used f o r  the maneuver. Obtained from 

powered f l i g h t  burn usinc t r u e  posi t ion and ve loc i ty  data  with 

maneuver execution e r r o r s  (feet/sec).  

- Total a c t u a l  ve1ocit.y used f o r  a l l  Spacecraft mid-course 

maneuvers. This value does not include the AV used f o r  

Spacecraft separation from.t,he Gemini Launch Vehicle o r  

terminal rendezvous maneuver requirements (feet/sec) . 
3.8 ARena and Spacecraft Orbi ta l  Parameters A f t e r  NSR Maneuver 

Table 16.0 presents selected Agena and Spacecraft parameters immediately a f t e r  

the  Spacecraft performs t h e  NSR maneuver. The purpose of the NSR maneuver i s  t o  

place the  Agena and Spacecraft i n  co-el l ipt ic  o r b i t s  (arguments of per i ree  equal) 

with apogee and perigee heights of the t w o  o r b i t s  separated by 15 naut ica l  miles. 

The data  of Table 16.0 a r e  presented t o  r e f l e c t  how wel l  t h e  NSR maneuver WAS 

performed, and t o  show how w e l l  the  desired phase angle a t  t h e  M-1 Spayecraft 

apofee was obtained (eR = 1.9" f o r  14 = 4 ) .  In addition, the Spacecraft p i t c h  

anFle used f o r  the NSR maneuver and the  catch-up r a t e  a f t e r  the NSR maneuver a r e  

a l s o  presented. The followinr nomenclature i s  used i n  Table 16.0: 

e - Value of Spacecraft p i t c h  a t t i t u d e  used f o r  the  NSR maneuver - 
1 

P 
measured posftive d m r  frm the  local horizontal  (deg, 

Value of in-plane phase angle a f t e r  NSR maneuver (deg) 

Value of  catch-up ra te  a f t e r  MSR maneuver (deg/ S/C o r b i t )  

Osculati-ny value of Agena apogee a l t i t u d e  a f t e r  NSR maneuver 

(Nautical Miles) 

- 
- 
- 

OR 

BR 

h 
"A 

h - OsculatinF value of Spacecraft apogee a l t i t u d e  a f t e r  NSR 

maneuver (Nautical Miles) 
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h - Osculsting value of Agena perigee a l t i t u d e  a f t e r  NSR maneuver 

PA (Nautical Miles) 

h - Osculating value of Spacecraft perigee a l t i t u d e  after NSR maneuver 

(Nautical Miles) PS 

W - 
' (deg) 

Osculating value of Agena argument of perigee a f te r  NSR maneuver 
A 

W - Osculating value of Spacecraft argument of perigee a f t e r  NSR 
maneuver (deg ) 

s 

3.9  Spacecraft Orbit Determim t i o n  P r o r s .  Orbit Plane Coordina t e  3vst em 

Table 17.0 presents the e r ro r s  i n  Spacecraft pos i t ion  and ve loc i ty  obtained 

from the  o r b i t  determination a t  each OCL decision t h e  f o r  the  1 5  noisy mission 

simulation runs. 
coordinate system (a, 6, 9) where 

These e r ro r s  a re  presented i n  the  vehicle centered, o r b i t  plane 

A 
U - unit vector  i n  d i rec t ion  of vehic le ' s  radius  vector; 

- unit vector  i n  d i rec t ion  of angular momentum vector; 

v = w x u - horisontal  un i t  vector i n  d i rec t ion  of vehic le ' s  motion. 

A 
W 
A A A  

The pos i t ion  and veloci ty  e r r o r s  are obtained by subtracting the  vehicle  s t a t e  

vector determined by the o r b i t  f i t  from the t rue  vehic l t  s t a t e  vector. 

In the OCL Decision Sequencer (DS) and Guidance Decision and Commrand 

Computations (GD & CC), maneuver decisions a re  based on the vehicle s t a t e  vectors  

obt)ained from the  o rb i t  determination. 

these decision times, a D i s  used t o  indicate  DS time and a G t o  ind ica te  GD & CC 

time. In Table 17.0 these l e t t e r s  are placed i n  parentheses immediately a f t e r  the  

value of time a t  which the  data  a r e  being used (column one). 

In order t o  i d e n t i f y  the o r b i t  e r r o r s  at  

The second column of Table l7,O l ists the  number of observation poin ts  used 

in the  o r b i t  detelmination. Two points  should be made c l ea r  concerning these 

* data: 

(1) The ac tua l  number of obrervations that would be obtained i n  r e a l  tim 
i s  f i v e  times the number l i s t e d  i n  column two. 

i n  column two is  based on a data rate of one obaervation every 50 reconds, which 

is the in tegra t ion  s tep  s i s e  used i n  the simulation. In r e a l  time the  data  r a t e  

w i l l  be one observation every t en  seconds. 

ment sigmas have been reduced by the  square root of f i v e  t o  account f o r  the  reduced 

data  r a t e .  

The number of observations l i s t e d  

In the simulation, the m d a r  measure-. ' 0  
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(2) No observations w i l l  be l i s t e d  f o r  the following entry times t o  the  OCL: 

The first DS time (t = 6425), which i s  a c t u a l l y  a dummy e n t r y  (a) 
and i s  used only t o  obtain an  estimate of the  time of first Spacecraft 

apogee. The pos i t ion  and ve loc i ty  e r r o r s  a t  t h i s  time a r e  obtained by 

noising the vehic le ' s  t rue  posi t ion and ve loc i ty  data  by means of an 

input tracking covariance matrix, and a r e  not the  r e s u l t  of an  o r b i t  

determination f o r  e i t h e r  vehicle. 

(b) GD & CC time equal t o  DS time. 

(c) When t h e  GD & CC time i s  within 30 minutes of t h e  DS time. 

For t h i s  case, both the t rue  and noisy vehicle s t a t e  vectors  a r e  i n t e -  

grated from the DS time t o  the  GD & CC time and t h e  difference then  

obtained . 
In Table 17.0 the following data a r e  presented: 

T(sec) - Time at which OCL decis ions a r e  being made using o r b i t  fit 
pos i t ion  and veloci ty  data-measured from Agena l i f t o f f  (sec) 

OBS - Number of observation points  used i n  o r b i t  determination 

Au - Up ( rad ia l )  posit ion e r r o r  due t o  orbit ,  determination ( f e e t )  

hv - Downrange posi t ion e r r o r  due t o  o r b i t  determination ( f e e t )  

Au - Crossrange posit ion e r r o r  due t o  o r b i t  determination ( f e e t )  

Ail  - Up v e l o c i t y  e r r o r  due t o  o r b i t  determination (feet/sec) 

A+ - Downrange veloci ty  e r r o r  due t o  orbit .  determination (feet/sec) 

A+ - Crossrange veloci ty  e r r o r  due t o  o r b i t  determination (feet/sec) 

3.10 APena Orbit Determination Errors, Orbit Plane Coordinate Svstem 

Table 18.0 presents the  same aata as Tablel7.0, except f o r  the  Agena. All 
comments made f o r  Table S.0 a l s o  apply t o  t h i s  table .  

3.11 Att i tude m e  a& Rate Errors f o r  Man euver Seauenceg 

Table 19.0 presents the  vehicle  a t t i t u d e  angle and a t t i t u d e  r a t e  e r r o r s  used 

during each of the maneuvers of t h e  mission sequence. 

parameters f o r  each maneuver a r e  zero, except f o r  t h e  plane change and NSR maneuvers. 

For the  plane change maneuver there  W i l l  be a nominal yaw angle and for the NSR 
maneuver a nominal p i tch  angle. 

The nominal values of these 

The r a t e  e r r o r s  remain constant f o r  all maneuvers 
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because t h e  s t a t i c  components of these  e r rors ,  which are determined a t  i n i t i a t i o n  

of each run and remain constant f o r  a l lmaneuvers ,  a r e  much l a r g e r  than t h e  random 

components which a r e  determined f o r  each maneuver. 

used i n  Table 19.0: 
The following nomenclature i e  

T 

OP 

Aa 

AfY 

P 

Y 

&r 
h 

A 0  
P 

Y 

c"r 

Time of i n i t i a t i o n  of the  maneuver-measured from Agena l i f t o f f  

(set) 

Operation number ident i fy ing  maneuver performed 

Pi tch angle a t t i t u d e  e r r o r  a t  i n i t i a t i o n  of burn (deg) 

Yaw angle a t t i t u d e  e r r o r  a t  i n i t i a t i o n  of burn (deg) 

Roll  angle a t t i t u d e  e r r o r  a t  i n i t i a t i o n  of bum (deg) 

Pi tch r a t e  e r r o r  a t  h i t i a r t i o n  of burn (deg) 

Yaw r a t e  e r r o r  a t  i n i t i a t i o n  of burn (deg) 

Roll r a t e  e r r o r  a t  i n i t i a t i o n  of burn (deg) 
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TABLE 9.0 Vehicle I n i t i a l  Conditions For N = 4 

Anena 

t = 543.9745788 sec. 

x = 10181744.25 

y = 16300970.87 

z = 10472788.50 

inj 

Spacecraft 

tL = 6045 sec. 

tinj = 6420.657226 sec. 

x = 14087872.0 

y = 12990022.0 

z = 9612558.0 

W = 7000 l b s .  

k = 21930.65649 

+ = 12646.63415 

i = 1634.741592 

W = 7555 l b s .  

2 = 18‘799.406 

f = 16964.57397 

5 = 4 6 s .  336975 
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Afi ( f ps ) A+ ( f p s  ) A; ( f ps ) . 
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A 

0.050 -0.046 0.028 
1 I 

r 

T(sec)  OB S Au(ft) Av(ft> Aw(ft) 

6L25.0 (D) 149 1 1057 03 344.5 

0.132 -0.060 

0.132 -0.060 

-2 . 133 1.614 

, 0.032 4 

0.032 

2.689 

11,107.7 ( G )  33.5 -20.9 95.2 

A+ ( f ps ) 

0.502 

0.019 

0.055 

-0 092 

A* ( f ps ) 
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TmLE 17.0 Spacecraft Orbit Detednation Firrors, Orbi t  Plane Co-ordinates (M = 4) 

80.4 

Av(ft) A w ( f t )  Afi(fps) 

2.756 -1017.4 -191.7 

64.. 1 97.1 -0.066 

32.9 -0.005 0.186 

0.180 

-55 03 70.7 0.180 

108.5 -88.5 

71.3 0.250 

-56.7 71.3 
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A6 ( f ps)  

-3.642 

-0,080 

-0.076 

AC(fps) 

0.167 

0 . 018 
0.050 

-0.029 

0.030 1 

0 . 018 
0.087 

0.087 

0.169 

0.236 -0,131 

-1480 7 

85.2 

90.1 

2166 . 5 1674.7 

-55.9 73 2 7  

-63.6 74.8 

'PABLE 17.0 Spacecraft Orbit Determination Errors, Orbit  Plane Co-ordinates (M = 4) 

1 
Av(ft) A w ( f t )  T(sec)  

61,25.0 (D) -1~6 7 -436 5 

30 I -82.0 8840.2 (D) 85.8 76.4 
7- 

20.3 

-8.5 8.5 

-31.7 67.8 0.124 -0 057 

67.8 -31.7 

0.334 -0.065 I 61J7.9 ( G )  12 I 256.2 -51.2 -196 . 6 
61 I 115.5 9498.3 (D) -61 3 Y 0 . 019 

72.9 

72.9 I 115.5 -61 . 3 0.236 1 -0.131 

Run  No. 4 

Afi(fps) Au(ft) Av(ft) A w ( f t )  

-134.2 955 07 -7.8 

AC ( f ps ) AG ( f p s ) OD S 

-0.176 -0.157 6425.0 (D) -1.527 

29 - -0.076 

0.074 

-0 . 979 

-72 7 

-16 1 

0 . 182 0.052 

27 -0 0089 0.060 

0.28= 52 0.133 

-0 . 070 ' 0.080 

~16006.0 ( G )  -2.932 1.872 8 0.636 

0 :031 

0.028 

-0.108 61 

0.205 -0 . 113 
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0.542 
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-0.040 

. 
A* ( f ps ) 

-0.250 
1 

0 043 

-0 . 892 

0,078 

* 0.078 

0.084 

Av(f't) 

-662 1 

47.3 

18.0 

-14 . i 
-14 1 

-39.1 

-15 02 

Aw(ft) 

9.8 

73.6 

-9.6 

w .3  

70.3 

nn 

-20 . 6 

55.9 

?'(set) OBS 

6425.0 (D) 

8729.6 (D) 31 

Qu(f t )  

126 . 5 
-71.0 

14056.6 (Dj 

14056.6 ( G )  

16487.7 ( G )  

58 32.7 

32.7 

1 3  -6.1 

19382.6 (GI  91.8 
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TABLE 17.0 Spacecraft Orbit Determination Errors, Orbit Plane Co-ordRnates (M r~ 4 )  

Run No. 5 

A 6  ( f p s ) 

OeW1 

0.053 

0.021 

0.083 

' 0.083 

0.072 

0 044 

0 0044 

Au(ft ) 

102 . 7 I 127.5 498.6 

0.1 

-26 . 5 
6.6 

6.6 

I 15.5 6.4 -12 4 

2.5 I 55.4 67.8 0.145 -0 . 073 

67.8 

AG(fps) A$ ( f p  s ) 

-2.325 -0 044 

-0 045 

-0.138 

0 . 119 

0 . 011 
11426.8 (G)I 26 I -45.3 .O.O?L 

-0.m 

4 .Q61 0.119 

0 . OL2 -0.025 

91.8 0.197 4.090 

0.197 4.090 0 . 027 
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T(sec)  OBS Au(ft) Av(ft) A w ( f t )  

6125.0 (D) -17 9 726.7 252.4 

8852.4 (D) 29 -218.9 195 7 104 3 

11544.9 (GI  30 14.2 2.2 24.5 

14177.3 (D) 49 lL.7 -22 . 7 86.3 

__  

14179.3 ( G )  15 .O -22 9 86.4 

16492.3 (GI  13 -34.8 -13 6 1.8 

19504.2 (D) 52 98.5 -38.8 ? l o 8  

1950L.2 ( G )  98.5 -38.8 ?1,8 

AC(fps) AS(fpd A* ( f ps ) 

-0 . 285 0.075 0.040 

-0.303 0.129 -0 . 004 
-0.034 0.054 0.025 

0 . 100 -0.060 0.052 

0.100 -0.060 ' 0.052 

-0 . 106 0.012 0.054 

0 . 011 0.228 -0 . 100 
0.228 -0.100 0.011 

Au(ft)  

-177 8 

-44 1 

7.9 

Av(ft) 

-318.5 

24.7 

-8.9 

10.2 

-34.9 

111.0 

-25.7 

34.8 

-29.6 
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TABU3 170 Spacecraft Orbit Determination Errors, Orbit Plane Co-ordinates (M = 4) 

R u n  No. 7 

R u n  No. 8 

OBS - - hw(ft) T(sec)  

6-425.0 (D) 

8805.5 (D) 

11491.7 ( G )  

1411,6.2 (D) 

14170.3 ( G )  

16339.6 (GI 

A* ( f ps ) A 6  ( f p s  ) 

-3 . 246 
0.004 

-0 . 040 

-0.234 

-0 . 011 
0.046 

0 . 010 
30 
28 

49 

- 
0.027 
0.052 

78.5 

31.3 

8.4 I -24.0 73 00 0 093 -0.051 0.057 

0.092 74.4 -0 . 053 0.054 

4 . 108 42.3 0.014 0.044 

0,234 

0.234 

-0.1ll 

-0 . 111 
0 . 027 

111.0 I -29.6 0.027 63.4 
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T(sec)  OB S 

6425.0 (D: 

8781.7 (D: 29 

ll48L.8 (G: 27 

l L l l O O . l  (D: 53 

llllOO.l (G: 

1621L3.4 (G: 9 

19L26.9 (D: 64 

19483.3 (GI 

a 

a 

a 

. 
Au(ft) Av ( f t ) A w ( f t )  AC(fps) Af(fps) A; ( f ps  ) 

8.0 -1496 3 12.0 -2.730 -0.236 0.005 

-7.0 -32.9 68.1 0,054 4 . 0 5 4  0.036 

-22-8 16.4 3 -0 -0 . 093 0 073 0.069 

-8.5 0.6 78.2 0 . 048 -0 047 0 . 091 

-8.5 0.6 78.2 0 a048 -0.047 ' 0.091 

-688.6 243.4 1053.7 -1.002 0 409 -0.019 

57.4 -29 . 2 70.7 -0.150 4.085 0.030 

63.8 -38.2 l L . 1  0.153 - - v o w 2  

I 

o .025 A A n  - A  

TABU 17.0 Spacecraft Orbit Determination Errors, Orbit Plane Co-ordinates (M = 4 )  

. . 
AG(fps) AC(fps) A f  ( f ps ) T(sec) OBS Au(ft) Av(ft) A w ( f t )  

l 
1 

6425.0 (D: 67.8 1551.5 -68.5 0.315 -0.090 -0.080 

8860.0 (D; 29 -130.9 121 . 9 82.7 -0.156 0.060 0 . 029 

Run No. 9 

19507.2 (D: 

19533.0 (G: 

6 

60 118.6 -43.1 65.0 0.2Lb2 -0 .ll9 0.022 I 

123.6 -49 . 9 65.6 0.246 -0.125 0.020 

Run No. 10 

This document contains information affecting the notionol defense of lhe United Stater within the mooning of the Espionage Laws, Title 
18. U.S.C., Section 793 ond 794. the transmission or revelation of which in ony manner to on unauthorized perron is prohibited by law.  



Ul16.8 (D! 93 263 . 6 -190 6 

Ir ( se c ) 

6G25.0 (D: 

8794.2 (D; 

QIjS Au(St) 

32.6 

30 77.0 
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TABU 17.0 Spacecraft Orbit Determination El”ror8, Orbit Plane Co-ordinates (M = 4) 
R u n  No. 11 

AC(fps) A w ( f t )  T(sec)  

135.4 0 054 0 0033 0 . 008 

-0.036 81.1 

0.503 89.0 -0 . 238 -0.006 

-0.238 0 503 11.116.8 (GA I 263.6 I -190.6 89.0 

54.8 0.171 1 ’  0.071 I -0.238 

66.7 0.178 191442.1 (D) 52 63.4 -35.5 

191445.6 (Gd I 64.0 I -36.0 66.7 0.178 -0.077 0.012 

R u n  No. 12 

Av ( ft ) 

311.7 

-78.2 

Aw ( f ’ t  ) 

264.9 

67.4 

A6 (l’ps) 

3.352 0 . 014 0.232 

-0 . 099 0.044 

0 e073 -0.051 

0 . 220 - 
11463.0 (GI 27 I -42 4 

I 1 
-0.8 -0 . 131 

14116.9 (DI 561 :’:’, 
14116.9 (G 

74.9 - 

74.9 

2L58.5 

63.6 

-- 0 . 200 -- 
0.200 -0.088 I ’  0.038 -49.6 

133L.2 - 58 

-18 . 9 0 . 206 -0.091 0 . 030 

-0 097 0 -026 1 96.5 64.4 0.211 -25 5 

This document contains information affecting the notional defense of the United Stotes within the meaning of the Espionoge Lows, Title 
18. U.S.C., Section 793 ond 794. the transmission ar revelation of which in any manner to on unauthorized person i s  prohibited by law.  



4160-6067 -RCOOO 
Page 42 

l9L48.4 (D) 

19LlL,8.4 ( G )  

0 TABLE 17.0 Spacecraft Orbit Determination Ekrors, Orbft Plane Co-ordinates (M = 4) 

69 139.9 -51 7 82.4 0.268 -0.136 0 . 010 
139.9 - 5 1  7 82.4 0 . 268 -0.136 0 . 010 

-- 
?'(set) OI!S Au ( ft, ) Av (1%) Aw ( L’t ) A i l  (f’ps) A+ ( t’ps) 

6425.0 (D) 126 . 2 36.8 21.9 2.178 0 . 188 

R u n  No. 14 - 
Afi ( f’ps ) 

-0.039 

This document contains information offecling the national defense of the United Sloles within the mooning of the Espionoge Laws, Tille 
18, U.S.C., Section 793 and 794. the transmission or revelation of which in ony manner lo on unauthorized person i s  prohibited by low. 
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A+ ( f p s  ) 

0 .180 

TABLE 17.0 Spacecraft Orbit Determination Fzrors, Orbit Plane Co-ordinates (M = 4) 

Afi ( f p s  ) 

-0.397 

I 

R U ~  NO. 15 

0.040 

P -0.058 

-0.058 

0.010 

-0 0095 

-0 . 10L 

.q, 14171.0 (G) 

0.038 

0.032 

0.032 

0.065 

0.041 

0.037 

-20 7 

-20 7 

' -  

-31.0 

-40 7 

959 . 7 -239.1 2 . 165 

96.9 0.131 

96.9 0.131 

54.8 0 . 112 

53.4 0.180 

55.6 0 . 184 

152.7 I 91.4 . I -0.190 

17L2L.9 ( G )  

19494.3 (D) 

-7.2 I 22.4 I -0 . 027 

L? 9L.O 

21 68.7 

This document contains information affecting the notional defense of the United Stoles within the meaning of the Espionoge Laws, Title 
18, U.S.C., Section 793 and 794, the transmission or revelation of which in ony monner to on unouthorized person i s  prohibited by law. 



A* ( f p s  ) 

0 . 184 

AG(fps) 

0.487 

Au(ft) 

-194 8 

-66.6 

Av(ft) 

-854 . 0 
L6h . 0 

L 

T(sec) 

6425.0 (D) 

8781.5 (D) 

11482.4 (G) 

11,107.7 (D) 

2.7 

20.0 

20.0 

-171 . 8 

61.5 

-1.8 

-20 . 8 

-20 . 8 

-163 . 0 

-50 8 

0,034 

-0.062 

-0.062 

0 . 012 

-0.090 

-0.092 

0 . 011 

0.056 

0.056 

0 . 981 

0.020 

0 . 018 

T(sec)  OBS 

6425.0 (D) 
I 

Au(ft) 

-162.8 

-0.038 

0 . 040 

-0.059 

-0 059 

-0 lk-3 

-0.081 

-0 . 082 

-0.096 

-0 . 007 I 

0.081 1 

0 . 081 

0.178 

0 . 019 I 

0.019 

11560.5 (G)  58 1.1 

14214.5 (D) 78’  6 .O 
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Agena Orbit Determination Errors, Orbit Plane Co-ordinates (M = 4) TABLE 18.0 

A w ( f t )  

101 . 9 1 . 708 

0 . 024 I4.041 
I 

88.5 -0.332 

-0 . 050 22.7 

45.8 0.105 

0.105 

0.4’79 

0.166 

45.8 

1026 . 9 

72.3 

63.5 -53 . 6 0 . 167 72.8 

A w ( f t )  Av(ft) 

-1010 . 8 252 7 1.192 -0.188 0 . 092 

18881.6 (D),! 155 -5.6 325.8 349.2 -0.157 

21.6 7.5 

69.1 0.086 -23 . 2 

I 6.0 69.1 0.086 -23.2 

6271.1 (G) b 0 . 216 -104.5 -288.8 

P 102 I 46.7 -44.3 68.2 0.153 

0.154 
I 

68.4 -45 . 7 

This document contains information affecting the national defame of the United Stater within the meaning of the Espionoge Lawr, Title 
18, U.S.C.. Section 793 ond 794. the tronrmirrion or revelation of which in any manner to an unauthorized perron i s  prohibited by low.  
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e 

T(sec) OBS Au(ft) Av(ft) A w ( f t )  All ( fps  1 A+ ( f p s ) Afi(fps) 

6425.0 (D) -300 . 0 -1389.2 12.8 0 . 022 -0.069 0.109 , 

1 

8840.2 (D) 153 - 63.5 496 5 79.7 -0.361 0 . 020 -0 049 

J1534.0 ( G )  5L  - 9.7 13.8 -0.071 O.Olr5 0 I002 I 

1LJ74.5 (D) 82 31.4 -14.0 57.6 0.113 -0 . 071 0,060 

11,174.5 ( G I  31.4 -14 0 57.6 0.113 -0 . 071 0.060 I 

16417.9 ( G )  16 114 4 -44 6 -63.4 0 . 127 -0,030 0.115 

19k98.3 (D) 88 117.2 -79.8 71.0 0.255 -0 . 129 0.015 

119498.3 (GI 117 . 2 -79.8 71.0 0.255 . a 9  0-01 5 

TABLE 18.0 Agena Orbi t  Determination &rorsB 01-3ft Plane Co-ordimtes ( M E  4) 

16006.0 (G) 9 -333 4 195.9 1325.1 -0.4l3 0.358 0.338 

19462.3 (D) 99 60.5 -27 9 76.3 0.153 -0.088 0 . 013 
19497,8 ( G )  64.9 -33 e 6 76.7 0.155 -0.092 0 0010 

This document contains information affecting the nationol defense of the United States within the meaning of the Espionage Laws, Title 
18. U.S.C., Section 793 and 794. the transmission or revelation of which in any manner to an unauthorized person i s  prohibited by law. 



6h25.O (D) 

8659.0 (D) 

114 . 1 -1026 . 3 

156 -98.4 454.9 

11328.0 (G)  40 -35.4 11.5 

OB S 

1 5 5  

Au(ft) Av(ft) A w ( f t )  A N f P d  

-101 . 8 -437 1 -155.2 1.012 

-68.2 437 8 83.4 -0.309 

47 -13 . 6 0.2 14.1 -0.091 

88 

17 

22.8 -30 0 101.4 0.109 

22.8 -30.0 101.4 0.109 

148.6 -28 0 -52.3 0 . 202 

-0.066 -0.005 1 

-0.066 

0 . 027 
-0.071 

-0.071 

- 0 . 0 0 5  1 

0.175 

0.011 

0-011 

88 42.3 -28.9 57.1 0.136 
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TABLE 18.0 &em Orbit Determination Error8b Orbit Plane Co-ordinetes (M = 4) 

A* ( f p s ) ==I T(sec) I A w ( f t )  OB S Au(ft) Av(ft) 

I I 

A+ ( f p s ) 

30.6 -0 . 124 -5 258 
~ 

0 . 060 81.6 -0.347 

-0.116 0.045 3 .1 

62.1 -0.056 -18 4 

3993.3 (GI  -18 4 

-1.6 -4.0 

0 108 

. 62.1 -0.056 0.108 
- 

0.037 4.9 4.065 

0.156 36.6 4.058 

0,156 -0.058 

Run No, 6 

Ac(fps) T(sec) 

6425.0 (D) 0.024 

8729.6 (D) 0 . 029 -0.031 

0.034 

-4056.6 (D) 

-4056.6 (G) 

-6487.7 ( G )  

L9381.8 (D) 

I 42.6 I -28.9 I 56.9 L9382.6 (G)  0.136 

This document contoins informotion affecting the notional defense of the United Stoles within the meaning of the Espionage Laws, Title 
18. U.S.C.. Section 793 ond 791. the transmission or revelation of which in any manner to on unauthorized person i s  prohibited by low. 
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86.3 

22.0 

79.6 

TABU3 18.0 

-0 . 204 
-0 s 049 

0.098 

Agena Orbit Determination Errors, Orbit Plane Co-o~dinates (M = 4 )  

6.6 

66.6 

66.6 0 

a 

0 . 013 
0 173 

0 . 173 

339.8 

'r ( se c ) OH s 

6425.0 (D) 

8805.5 (D) 153 

0.1 

A4 ( f ps  ) Av(f't) A w ( f t )  Ad(fp8) Af ( f p s  ) Au(ft) 

475.5 -1416 . 0 -599 9 2.381 -0.005 0.187 

-58.7 ~ 8 0 . 6  88.9 -0 . 347 0.015 -0.033 

-30 9 

19L75.1 (D) 

19L75.1 ( G )  

-31 0 

96 63.3 -43 2 70.6 0 . 161 -0.095 0.026 

63.3 -43 2 70.6 0.161 -0 095 0.026 

__-- 

21.4 

-45.9 

-45 9 

A w ( f t )  

-0 . 060 

"79.5 .I 0.098 

Run No. 7 

Ac(fps) 

0.2w 

-0.016 

0 033 

-0.065 

-0.065 

0 . 111' 
-0.098 

-0 . 048 

A+ ( f p s ) 

0 . 067 
-0 . 406 I 

0.026 I 

0 0026 I 
Run No. 8 

This document contoinr information affecting the notional defense of the United States within the mooning of the Espionage Laws, Title 
18. U.S .C. .  Section 793 ond 794. the transmission or revelation of which in any manner to on unauthorized perron i s  prohibited by low. 



-634.6 153 01 -3.050 

493 L 77;5 -0.371 0.037 

24.3 -25.9 4 . 172 0 . 064 

92.4 

92.4 

8.1 

-45.9 

-54.9 

-101 . 2 -0 . 102 0 0 021 

-101.2 ’ -0.102 0 . 021 

94.2 -0.335 0 . 083’ 

60.9 0 . 1 5 1  -0.087 

62.3 0.153 -0.093 
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Age- Orbit Determination Errors, Orbit Plane Co-ordinates (M = 4 )  18.0 

R u n  No. 9 

A* ( f p s  ) T(sec) I== Av(ft> A w ( f t >  Afi(fPd A+(fps) 
I I I 

Au(ft ) 

-0 045 -0.180 -65.7 

-0.039 1 5 5  

50 

86 

7 

- 
-79 . 4 

-0.059 

0.619 

0.619 

-63 4 

-96 L 

-96 4 4100.1 (G)  

6243.4 (GI  -0,001 12 -207 5 

53.9 0 0027 97 

0 . 022 59.4 

R u n  Noo 10 
-~ 

A+ ( f p s ) Au(ft)  A+( f p s )  a w ( f t )  Av(ft) 

-472.3 -206.2 -0.039 -0.018 71.2 

-28.6 -0.208 90.0 3’43.7 

-1.1 

-0.015 -0.034 

-0.055 

O.Ob? 

0.035 0.038 2*7 

5.3 

6.3 0.069 -0.050 56.5 

105 . 2 -31.0 0.105 0 . 069 -35.2 - -0 . 030 

60.0 

62.8 

-46 3 63.8 0 . 162 -0.093 0.029 

64.5 - 0.163 4.096 -50.5 0 0.27 

This document contains information affecting the national defense of the United Stotes within the meaning of the Espionage laws, Title 
18. U.S.C.. Section 793 and 794, the Ironsmission or revelation of which in any  manner t o  an unauthorized perron i s  prohibited by law.  



Av(ft) Aw(ft) 

198 3 29.7 

456 6 79.4 . 

-95.5 73.5 

-95.5 73.5 

-35.9 -18.5 

-37.7 62.9 

-38.2 63.0 

All  (fps 1 

0.192 

-0.326 

0.2w 

0.241 

0 . 023 
0.165 

0.165 

T(sec) 

6425.0 (D) 

w90.9 (D) 

14116.8 (D) 

14116.8 (G)  

16551.0 .(GI 

19442.1 (D) 

-0.041 

-0 . 012 
-0.012 

0.106 

0.035 

1 

A 

0.035 

. 
T(sec) 

6425.0 (D) 

8794.2 (D) 

11463.0 (G) 

14116.9 (D) 

14116.9 (G) 

16168.0 (G) 

194L4.7 (D) 

19476.7 (GI 

-645 0 181 . 1 -1.176 

0.5 

1.3 

-18 0 

64.3 0.061 -0 . 051 
-15.4 0 . 100 -0 . 040 
70.6 0 . 128 -0.074 
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Agena, Orbit Determination Errors, &bi t  Plane Co-ordimtes (M = 4) TABLE 18.0 

Run  No. 11 

AC(fys) 4 Au(ft) A+ ( f p s  

6.0 0 . 31L 
~~ 

0.024 -65 9 

94.6 -0 . 118 
94.6 4 . 118 

-0.008 50.4 

65.5 -0.092 

-0.091 66.1 

Run No. 12 
~ 

Au(ft) AC ( f p s  ) 

4.015 

291.3 -0 . 196 
-65.6 -0.327 0.024 461.2 

-0 . 110 0.046 -30.8 

64.3 0.061 0.076 

0.076 

-0.051 

-0.7 

105.1 

43.0 

-22 . 0 1 71.4 I 0.129 b.078 46.6 

This document contains information affscling the notional defense oi the United States within the meonins of the Espionage Lows Title 
18. U.S.C.. Section 793 and 794, the tronrmisrion or revelation of which in any manner to on unauthorized perron i s  prohibited b; low. 



Av(ft) 

399.8 

457.2 

-4.5 

-64.0 

A w ( f t )  

328.9 

79.4 . 

18.5 

83.4 

~ 79.7 

Au(ft) 

415.0 

-65.7 

-20.3 

5.9 

Av(ft) 

381.0 

432.9 

0.4 

9.4 

6425.0 (D) 

8750.4 (D) 155 

11430.8 (G) 46 

14075.8 (D) 88 

14075.8 (GI 

16136.7 (G) 10 

19401.9 (D) 9’7 

19401.9 (G I  

0.326 

-0.304 

-0.096 

-0 177 

0.025 

0.035 

5.9 

-153.0 

60.7 

60.7 

9.4 

-8.8 

-40. 5 

-40 . 5 

-0 247 

0.152 

0.152 

0 . 118 

-0.091 

-0 . 091 
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18.0 Agena Orbit Determination Ekrors, Orbit Plane Co-ordinates (M - 4 )  TABLE 

R U ~  NO. 13 

A+(fps) I Afi(fps) Au(ft) T(sec)  

6425.0. (D) 
1 

I 

8787.5 (D) 

11462.9 (G)  

1L119.7 (D) 

14119.7 (Gj 

P 
P 

0 . 124 I -0 . 163 1.797 -199 4 

-62.4 0 . 021 * -0.324 

5.6 

53.2 

-0.050 0.032 

0.165 

0 . 165 

-0.200 

53.2 -64.0 83.4 

79.7 -0.100 

-59 1 I 73 07 -0.200 -0.100 

R U ~  NO. 14 

A6 ( f ps ) A w ( f t )  

35.9 -0 . 019 

84.6 -0.028 

-0 . 026 

0 . 006 

-2.4 

81.6 

81.6 0.006 

0.069 33.5 

79.2 0 . 014 

79.2 0.014 

This document contoins information offocting tho notionol dofenso of tho Unitod Stotes within tho meanins of tho Etpiono.0 Laws, Title 
18, U.S.C., Section 793 and 794. tho transmission or revelation of which in any manner to an unauthorimd p.rson i s  prohibitod by law. 



4160 -60 67 -RCOOO 
Page 51 

OB S Au(ft) Av(ft)  Aw(f t )  

-213 . 2 1030.0 472 4 

1 5 5  -62.8 477 5 92.3 . 

TABLE 18.0 Agena Orbit Determination Wrors, Orbit Plsne Co-ordinstes (M = 4) 

Run  No. 15 

A W P d  

-1 345 

-0.346 

14171.0 (G) 

7424.9 (GI  

9494.3 (D) 

0.064 

00018 

0.035 

L- 

0 . 203 
4.056 

-0.007 55  -7.0 1.2 16.3 -0.077 

83 

66 

49 

74.4 0 . 130 40 .O -33 5 

40.0 -33 5 74.4 0 . 130 
31.6 -3 .O 40.2 0.008 

26.8 -8.6 26.4 0 128 

33.1 -12.9 27.9 0.130 

4.081 

-0.081 I 0.043. 

0 boo  

I 4.050 I 0.029 

This docummnt contains information affectinp thb national defense of the United States within the mooning of tho Espionapb Laws, litlb 
18. U.S.C.. Section 793 and 794. lhb transmission or revelation of which in any manner to a n  unaulhorirmd person i s  prohibitbd b y  low. 
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OP 

10 

13 

21 

TABLE 19.0 Atti tude Angle and Rate Eh-rors f o r  Maneuver Sequences (M = 4 )  

bp(deg)  

0.692 

0 099 

0.276 

R u n  No. 1 

0.049 -0.062 -0.00006O -0.000019 -0.000007 

J 

11831.3 1 4  0.258 0.089 0 147 0.000046 -0.000026 -0.000010 

1141 1 80.7 10 -0.013 0.034 

16570.9 13 0 147 -0.011 0 . 116 

I 

0 . 106 11 I? I t  

11 11 I I  

I 19B!+E!.2 21 0.32L 0.016 0.076 11 I1 11 

-0,141 I -0.031 II 11 11 I I I 
I I 

b 

I I I 11 11 I1 0 . 104 -0 . 021 I 

4.579 -0 . 107 0.00122 -0.000059 0.000996 

T(sec) I==== 

II 

11802.7 14  0.168 

I t  

I 11465.0 

L 

11759.0 

11.lJ0.8 

16306.2 

I II 
l1 I I' I I 0,473 1 O*Og4 

I I I I 

I I I I I 

0 043 I 0.098 I4.000034 I-0.000056 I-0.000008 1 
Run No. 4 

0 150 4.008 0 .OOOOO8 

0.384 -0 . 188 -0 . 082 

-0.089 0 . 107 -0 . 013 

21 -0 . 692 -0 . 028 

-0 . 000008 0.000032 -7i-T-i 
11 11 

This document contains information affecting the national defense of the United States within the meaning of the Espionage Laws, Titla 
18, U.S.C.. Section 793 and 794, the transmission or revelation of which in any manner to an  unauthorized person i s  prohibited b y  law. 



Aw (O/sec) 

-0 . 000001 
I t  

Awr(O/sec) 

0 , 0 0 0 0 ~  

I f  11,260.3 

17233 5 

19533 -0 

I 
10 0 . 614 -0.074 

13 0.522 -0 197 

21 0.666 -0.029 

0.QQQOlS 

I t  

I1 

-O,OOQO?h 4.000015 

. I 1  I1 

I1 11 

11696.7 

14339.1 

14 -0 . 174 3.314 

10 0.439 ' 3.066 

I 

0 . 062 I - t i  

I 

I ii 
il  I 

L1.781,1 
14,1,52.2 

14 -0.331 0.200 

10 0.485 0 . 188 
-0.386 

-0 . 228 
-0.000017 

11 

-0.191 

-0.301 

11 I1 11 

n t1 It 
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TABLE 19.0 Attitude Angle and Rate Errors fo r  Maneuver Sequences (M = 4) 
R u n  No. 5 

0 000022 

0.002 n 

I1 0.123 

I1 0 . 048 
Run No. 6 

-0.008 

-0.004 

-0.001 0.063 0.039 

l961J 9 0 331 -0,153 

Run No. 7 

T( sec) 

11,807 .O 

~~ ~ 

-0 . 000002 
~ ~~ 

-0,002 
t l  

14,466.2 10 I -0.241 0 144 

0.096 16,792 3 13- I -0.258 0.109 11 

L -0.247 19,727.0 0 . 122 -0.211 11 

Run No. 8 ' 

-0.132 0.215 

This document contoins information affecting the national defence of the United States within the meaning of the Espionage Lows, Title 
18, U.S.C. ,  Section 793 and 794. the transmission or revelation of which in any manner to a n  unauthorized person i s  prohibited by law. 



Aa r (deg) AwP(O/sec) AwY(O/sec) Awr(O/sec) T(sec) OP 

11739.1 14 

14392.6 10 

16543 0 13 

19783 1 21 

ho$(deg) 

. 0.194 

-0.518 

0.161 

4). 598 

0.086 

0.038 

11 I1 I1 

I1 11 I f  

0. oooooi 
11 

I f  

II 

-0.000012 

II 

II 

I1 - 

0.180 

0.124 

0.467 -0.000016 

I I  0.544 

13 

21 

11 -0.028 -0.108 0.558 

-0.L76 -0 0 1LO 0. L68 II 

11725.8 

11 375.0 

1611 83.3 

19728.7 

14 

10 

13 

21 

-0.841 0.024 

11 11 I f  I 
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TABLE 19.0 Attitude Angle and  Rate Errors f o r  Maneuver Squences (M = 4) 

0.028 ' 0.000066 

I 
-0.00050 0.000009 + 

I I I I I  
0.008 11 I t  J -0.030 

R u n  No. 10 
I I I I 

11796.7 

168116. 1 

19827.1 

R u n  No. 11 

I 19703.2 I 21 I -0.003 

0 0 o m l 2  0.048 

-0.631 I I' I I 

II 0 033 

-0.297 -0.002 
~ 

0.058 " 1 I I -0.075 -0.748 
I I I '  
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T( sec) OP Aap(deg) 

11732.0 14. -0.529 

14400.0 16 -0.734 

19651.2 21 3 . 084 

TABLE 19.0 Atti tude Angle and Rate &rors  f o r  Maneuver Sequences (M = 4) 
Run No. 13 

Aay(deg) 

-0.361 

-0,068 

-0 . 109 

11697.0 14 0 . 004 -0.140 0 . 071 
11'343.0 10 0.061 -0.080 0.136 

. / i n n  IVLl.> (.I '? 3-3 0.530 0.034 0 . 3C8 
19652.9 21 0.369 -0.305 0.089 

-0 . L11 0.000004 -0.000053 -0.000009 

O.oooO3l 0.000045 -0.000001 

11 II II  

- 11 t! !! 

11 11 I I  

-0.406 I I  l l  I I I ll I 

OP 

14 

10 

13 

21 

-0.386 ' 1 11 11 I1 I I 1 

k p ( d e g )  hy(deg) 

0.235 . 0.030 

. -0.595 0 . 114 
0.735 -0.415 

-0.308 0.160 

Adr(deg) 

-0.022 

T(sec) 

11792.0 

Aw (O/sec) Aw (O/sec) 
P Y 

-0 . m 2 0  0.000027 

19815.2 

R u n  No. 15 

4.016 

-0 . 026 
4.071 

I 'I 
I I  

I II 

I t  I I' 

I. Aur ( O / se c ) 

-0.000038 I 

I I  I 
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L.0 STATISTICAL (SOPF") RESULTS 

This Section presents r e s u l t s  obtained from the STL S t a t i s t i c a l  Output Format 

(SOPFMT) program, which sqmar izes  a number of the  mission simulation results f o r  

each run and performs a s t a t i s t i c a l  analysis on selected mission Wrameters. 

Reference 12 
summary of the program output i s  presented below, together  with a pr in t -out  

i d e n t i f i c a t i o n  key, 

i n  Table 20.0. 

presents  a de ta i led  description of the SOPFMT program. A b r i e f  

The a c t u a l  SOPFMl' output f o r  the M = 4 mission is presented 

h.1 summsm of SOPFMT Program 

The non-stat is t ical  information which i s  pr inted by SOPFMT f o r  each mission 

simulation run is  presented f o r  t h e  fo l lowiw mission points: 

(1) Prior  Spacecraft ADoEee - This i s  the  M-1 Spacecraft apogee and t h e  data 
The presented here a r e  obtained immediately a f t e r  completion of t h e  NSR maneuver. 

f o l l a w i y  data are presented: 

(a) Coordinates 

(b) O C I  - Orbit Control Information l i s t i n g  t h e  Operation Numbers 

of the Maneuvers performed during t h e  mission and c e r t a i n  other  information. 

(c)  2DV - Two Impulse Delta Velocity Information. These da ta  are t o  

be disregarded i n  Table 20.0 due t o  an  e r r o r  i n  the present program. 

(2) Final  Spacecraft Apogee - This i s  the  M Spacecraft apogee. Coordinate 

information only i s  presented f o r  t h i s  time. 

(3) Pr ior  Apocee MAC - This i s  the  M-1 Spacecraft apogee and coordinate 

information required by McDonnell A i r c r a f t  f o r  t h e i r  terminal rendezvous guidance 

simulation i s  presented for t h i s  t h e .  

(4 )  h i o r  Apogee Plus 18 Minutes - This point occurs 18 minutes a f t e r  

the  M-1 Spacecraft apogee and coordinate information required by McDonnell i s  

presented f o r  t h i s  time. 

The s t a t i s t i c a l  information which i s  compiled from the  15 run sample cons is t s  

of sample means, standard deviations, and cor re la t ion  coef f ic ien ts  f o r  the  coordinate 

information and sample means and variances f o r  t h e  2IDV information. This information 

i s  presented i n  Dif fe ren t ia l  Cylindrical  Coordinates and Spherical Coordinates a t  both 

t h e  p r i o r  apogee and final apogee times. 

mation f o r  the  MAC p r i n t  i s  presented a t  p r i o r  apogee and 18 minutes a f t e r  p r i o r  apogee. 
In addition, s t a t i s t i c a l  coordinate infor -  e 
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4.2 SOPFMT Print= 

The following format is used i n  the output p r i n t  of the  SOF'FMT: 

(1) Non-statistical information f o r  each of the  15 noise runs. 

(Pr ior  apogee and f inal  apogee). 

(2) 

(3) 

S t a t i s t i c a l  information (prior apogee and f inal  apogee). 

Non-statistical information f o r  MAC f o r  each of the  15 noise runs (pr ior  

apopee and 18 minutes l a t e r ) .  

(4) S t a t i s t i c a l  information f o r  MAC (pr ior  apogee and 18 minutes l a t e r ) .  

The d e t a i l e d  p r i n t  i d e n t i f i c a t i o n  keys and symbol d e f i n i t i o n s  f o r  each of these 

s e t s  of data  a r e  presented on t h e  pages &mediately precedinp t h e  SOPFMT printout .  

In t h e  s t a t i s t i c a l  p r i n t  t h e  followinf nota t ion  i s  used t o  i d e n t i f y  the. sample 

means and t h e  elements of the normalized covariance matrix: 

m - Mean value 

- Standard deviation si 
p .  .s.s - Covariance 

'ij 

i, j = 1,2,3,4,5,6 

1~ 1 j 
- Correlation coeff ic ient  

For the Dif fe ren t ia l  Cylindrical  Coordinates, t h e  i , j  ind ices  r e f e r  t o  t h e  follow- 

inc  var iable  s : 

1 = A r  4 = A ?  
2 = m  5 = AVI 

A S  3 =  6 =  * W AS 

For t h e  Spherical Coordinates, t h e  i , j  ind ices  r e f e r  t o  t h e  following var iables:  

1 = RS 4 = vs 
5 = A  

I S  
2 = (Ps 

3 = A S  6 = 8, 
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L..2.1 Detailed P r i n t  Ken 

(PRCGRArns NAME) G E N I N I  M =  (NUMBER) 

corn 

OCI 

2DV 

P R I O R  APOGEE 

C A S E  (NUMBER) 
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STATISTICAL INFORMATION 
PRIOR APOGEE 

D IFFEXWl'IAL CYLINDRICAL COORDINATES 
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FINAL APOGEE 

DIFFERENTIAL CYLINDRICAL COORDINATES 

SAMPLE VARIANCE 

b 
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(PRCGRAbrnS NAME) GEMINI M = (NUMBER) CASE (NUMBER) 0 

18 MINUTES LATER 

a 
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a STATISTICAL INFORMATION 

PRIOR APCGEZ FOR MAC 

18 MINUTES LATER 

DIFF3REXTIAL CYLINDRICAL COORDINATES 
a 

SAMPLE VARIANCE 
at prior apogee) 

0 
(s2 18 minutes later) 

"TS 
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1, .2.2 Smbol Cefini t ions 

The fo l lowiw l i s t  presents  the  d e f i n i t i o n s  of the symbols used i n  t h e  p r i n t  

The def in i t ions  a r e  presented i n  t h e  row order i n  which they appear i n  the  key. 

f i r s t  key. 

AD 

W A S  

2 -  A 

A v -  A 

s -  A 

Time from Agena l i f t o f f  (seconds) 

Eifference i n  the  magnitudes of t h e  two rad ius  vectors;  

ffupff d i rec t ion  difference with respect t o  the  Agena ( fee t )  

A r  = RS - RA 

RS = :Es/ 

RA = lEAi 

Magnitude of radius  vector  from t h e  center  of 

the e a r t h  t o  the Spacecraft ( f e e t )  

Magnitude of radius  vector  from the center  of 

t h e  e a r t h  t o  the Agena ( f e e t )  

Arc length difference between the two vehicles  referenced 

t o  the  Agena orbit, plane; r e l a t i v e  "downrange" dis tance 

which i s  negative with t h e  -4gena leading ( f e e t )  

aA = Osculatinf - semi-major a x i s  of Pyena orbit. ( f e e t )  

RS RA cos CfJ = 
RS RA 

- 

Out-of-plane component of the r e l a t i v e  posit  ion difference 

between the  two vehicles  referenced t o  the Agena orbit, plane 

( f e e t )  

RS w*s = w* 
- A 

Unit vector pointding i n  the  d i rec t ion  of the  rad ius  vector  

from the center of  t h e  E a r t h  t o  t h e  Agena 

Unit vector  orthogonal t o  GA and t h e  instantaneous angular 

momentum vector of t h e  Agena; the  u n i t  vector  po in ts  i n  the  

general d i rec t ion  of the ve loc i ty  of the  Agena 

Unit vector  i n  t h e  d i r e c t i o n  of the  angular momentum vector  

of the Agena. 
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Ai. 

AvI 

“A s 

B, 

3rthogonal rirht, handed coordinate system which r o t a t e s  
with the radius vector t o  the Agcna 

Same as GAY vA, wAy but with the Agena replaced by the  

Spacecraft 

A 4  

Difference i n  rad ia l  ve loc i t , i es  (feet/sec) 

V =ITs[ S Magnitude of Spacecraft i n e r t i a l  veloci ty  

vector (feet/sec) 

VA =ITA 1 Magnitude of Agena i n e r t i a l  ve loc i ty  vector  

(feet/se c ) 

Difference i n  i n e r t i a l  v e l o c i t i e s  ( feet /sec)  

Component, of the v e l o c i t y  d i f fp ren re  bet.ween t h e  t w c  

vehic les  normal t o  the Agena orbit  plane (fps) 

A - 
GAS = vs . WAh 

Geocentric latitude: of t,he Spacecraft (degrees) 

Longitude o f  the Spacecraft (degrees) 

See A? 

Azimut,h of the  i n e r t i a l  ve loc i ty  vector  of the Spacecraft 

with respect t o t h e  North Pole; pos i t ive  i n  a clockwise 

d i r e c t i o n  (degrees) 

Anele from t,he i n e r t i a l  ve1ocit.y vector  t o  t h e  geocentric 

rad ius  vector; f o r  a f l i p h t  path angle of zero d e p e e s ,  

6 i s  90” (degrees) 

Range between the two vehicles  ( f e e t )  
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- Range r a t e  between the  two vehicles  (feet/sec) 

- Look angle out of the o r b i t  plane of the  Spacecraft from 

the Spacecraft t o  the Agena; pos i t ive  i n  the d i r e c t i o n  

of the angular moment,um vector (degrees) 

- Look angle i n  the  o r b i t  plane of the  Spacecraft from the 

Spacecraft t o  the Agena; pos i t ive  i n  t.he r a d i a l  d i r e c t i o n  

from the  local horizontal  plane of the  Spacecraft (degrees) 

- Osculating semi-major a d s  of the  Spacecraft o r b i t  ( f e e t )  

- Osculating eccent r ic i ty  of the o r b i t  of t h e  Spacecraft 

- Relative inc l ina t ion  between t h e  osculating o r b i t  planes 

of the  Agena and Spacecraft (degrees) 

- Central angle i n  the o r b i t  plane of the  Agena between the 

pos i t ion  of the Ageiia an3 t h e  ascending node of the Spacecraft 

(degrees ) 

- True anomaly of the Spacecraft (degrees) 

- Sum of velocity increments used f o r  Agena maneuvers up t o  

the time of pr ior  Spacecraft apogee (feet/sec) 

- Sum of velocity increments used f o r  Spacecraft maneuvers 

up t o  the t h e  of p r i o r  Spacecraft apogee - includes NSR 

maneuver a t  pr ior  apogee (feet/sec) 

- Weight of the Agena a t  the time of p r i o r  Spacecraft apogee 

( l b s )  

- Weight of t h e  Spacecraft a t  t h e  time of p r i o r  Spacecraft 
apogee after the NSR maneuver ( l b s )  

- Predicted in-plane o r b i t a l  phase angle between t h e  two 

vehicles  a t  f i n a l  apogee; pos i t ive  i f  the Agena l e a d s  the  

Spacecraft (degrees) 

BR - In-plane o r b i t a l  phase angle between the  two vehic les  

at the time of prior apogee (degrees) 
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oc I 

7 

Avl 

Av2 

. 
€IR - In-plane o r b i t a l  phase angle catch-up r a t e  a t  the 

time of p r i o r  apogee; pos i t ive  i f  the  Spacecraft 

has a smaller o r b i t a l  period than the  Agena 

(degrees per S a c e c r a f t  o r b i t )  

- Number of maneuver type; presented i n  sequence 

- Time from GLV SECO (seconds) 

- Angle from f i n a l  Spacecraft apogee t o  the  first impulse i n  

the two-impulse d e l t a  V ca lcu la t ion  (degrees) 

- Component of first. ve loc i ty  impulse i n  r a d i a l  d i r e c t i o n  (fps)  

- Component of first ve loc i ty  impulse i n  downrange d i r e c t i o n  (fps)  

- 
- 

Component of first v e l o c i t y  impulse i n  out-of-plane d i r e c t i o n  (fps)  

Component of second ve loc i ty  impulse i n  r a d i a l  d i r e c t i o n  ( fps)  

- Component of second ve loc i ty  impulse i n  downrange d i r e c t i o n  ( f p s )  

- Cor,ponent of second -+locftjr :--*-’ U I I ~ L L ~ C  -- i n  out-of-plaz direction (fps I 
- Argument of perigee of the Spacecraft with respect  t o  t h e  o r b i t  

plane of t h e  Agena (degrees) 

- Magnitude of the f i r s t - v e l o c i t y  impulse vector  required by the 

Spacecraft f o r  t.he two-impulse rendezvous maneuver (feet/sec) 

- Magnitude of the second ve loc i ty  impulse vector  required by the  

Spacecraft f o r  the two-impulse rendezvous xraneuver (feet/sec).  

OV, = 1 AT2 1 
AVl + AV, - Ikgnitude of the  t o t a l  ve loc i ty  required by the  Spacecraft f o r  

the  two-impulse rendezvous maneuver ( fps)  
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